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2  ZINC. 

therein  and  drops  down  from  its  lower  aperture.  Part  of  the  zinc 
vapour,  and  likewise  some  cadmium  vapour,  escapes  uncondensed  together 
with  the  carbonic  oxide  gas,  and  burns  in  the  air,  producing  the  substance 
called  Silesian  Zinc-flowers,  {Schlesische  Zinhhlwnien.)  In  Li^ge,  the 
reduction  is  performed  in  earthenware  tubes,  laid  side  by  side.  The  zinc, 
as  it  condenses  in  the  fore  part  of  these  tubes,  is  scraped  out  from  time 
to  time  in  the  liquid  state.  In  England,  a  number  of  cast-iron  pots  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of 
each  of  these  pots  there  passes  a  tube  open  at  both  ends.  The  vessels 
are  filled  with  the  mixture  to  such  a  height  as  not  to  stop  up  the  upper 
end  of  the  tube,  then  closed  with  a  well-fitting  cover,  and  heated.  The 
zinc  drops  down  from  the  part  of  the  tube  which  descends  from  the 
bottom  of  the  crucible.  This  process  is  called  Destillatio  per  descensum,' — 
2.  At  Goslar,  zinc  is  obtained  as  a  secondary  product  in  the  smelting  of 
lead  ores.  The  zinc  vapours  condense  in  the  upper  half  of  the  furnace, 
and  run  down  from  the  shaft  upon  a  slanting  stone  called  the  zinc-stool, 
{Zinkstuhl.)  The  zinc  thus  obtained  is  melted  in  iron  pots  and  poured 
out  on  tables. 

Commercial  zinc  may  contain  charcoal,  sulphur,  manganese,  arsenic^ 
antimony,  cadmium,  tin,  lead,  iron,  cobalt,  nickel,  and  copper.  Uranium 
has  likewise  been  mentioned  as  an  impurity  in  zinc,  but  pro1>ably  copper 
was  mistaken  for  it.  Carbon  is  contained  in  zinc  in  the  form  of  charcoal 
splinters,  according  to  Wackenroder,  and  as  carbide  of  zinc,  according  to 
Gren,  Berzelius,  and  Schindler.  East  Indian  zinc  contains  only  0*43  per 
cent,  of  lead  and  0*24  of  iron.  (Bonnet.)  Silesian  zinc  contains  a  large 
quantity  of  cadmium,  besides  charcoal,  lead,  iron,  and  a  very  small 
quantity  of  copper.  (Wackenroder,  Jansen.)  Houton  Labillardiere  and 
Gr.  Barruel  {Compt,  rend,  14,  724j  also  J,  pr.  Chem,  26,  383)  found  tin 
in  several  sorts  of  zinc.  Three  samples  of  East  Indian  zinc  were  found 
by  Wittstein  {Repert.  55,  193)  to  give  the  results  a,  b,  c;  dia  an  analysis 
by  Jacquelain  {Compt,  rend,  14,  636;  also  J.  pr,  Chem.  26,  298)  of  a 
sample  of  unknown  origin. 

(Z*  6,  C»  a, 

Zn 96-27  ....  9905  ....  98*76  ....  99170 

Pb 3-33  ....  0-27  ....  0-91  ....  0-685 

Cd 0-30  ....  0-23  ....  0*16 

Fe  010  ....  trace  ....  017  ....  0*142 

v    >•.•.■...• ••••  .•>•  "•.  U'Uuo 

10000        Z.        99-55        Z.       10000        Z,       100000 

Commercial  zinc,  when  dissolved  in  dilute  sulphuric  acid,  leaves  a 
black  powder.  In  Silesian  zinc,  this  residue  amounts  to  2  per  cent.,  and 
consists  of  sulphide  of  lead  and  charcoal  splinters.  (Wackenroder.) 
A.  Vogel  found  in  this  black  powder,  carbon,  sulphur,  lead,  and  iron ; 
Jacquelain  found  carbon,  lead,  and  iron:  he  likewise  obtained  the  same 
residue,  but  containing  less  lead,  by  distilling  zinc  in  a  stream  of 
hydrogen.  G.  Barruel,  by  reducing  m  a  charcoal  crucible  the  powder 
which  remained  after  dissolving  zinc  in  dilute  sulphuric  acid,  obtained  an 
alloy  containing  58*6  p.c.  tin,  34-5  lead,  5-5  sulphur,  with  traces  of  iron 
and  manganese. 

Furi/lc€Uion.  1.  The  zinc  is  distilled  once  or  twice  either  in  an 
earthen  retort  (the  neck  of  which,  however,  is  soon  stopped  up  by  the 
sublimed  zinc),  or  else  in  ap  earthen  or  iron  crucible^  into  the  bottom  of 
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which  is  luted  a  tube  open  at  both  ends  and  reaching  nearly  to  the  top; 
the  mouth  of  the  crucible  is  stopped  with  a  well-fitting  coyer. — Wittstein 
{Repert.  61,  220)  introduces  into  an  uncoated  Hessian  retort,  capable  of 
holding  from  24  to  30  ounces  of  water,  4  pounds  of  comminuted  zinc, 
heats  it  gradually  in  a  wind-furnace  covered  with  a  dome  six  feet  high — 
and,  when  the  distillation  has  begun,  which  takes  place  after  an  hour  or 
an  hour  and  a  half,  and  the  sine  condenses  in  the  neck  of  the  retort, 
scrapes  it  out  with  a  curved  iron  wire,  while  still  lionid,  into  a  basin 
contain  in  fi^  water  and  placed  below  to  receive  it.  If  tne  scraping  be  not 
assiduously  kept  up,  the  neck  becomes  stopped  up  with  solid  sine;  if  the 
neck  is  too  short,  some  of  the  zinc  bums  away.  This  process  yields  about 
3j^  pounds  of  zinc,  still  containing  cadmium;  a  greenish  yellow  powder 
remains  in  the  retort. — Jacquelain  (N,  Ann.  Chim.  Fhy$.  7,  199)  distils 
the  zinc  in  a  current  of  nydrogen.  The  hydrogen  is  evolved  in  a 
Woulfe's  bottle  from  purified  sulphuric  acid,  zinc,  and  water,  and  made 
to  pass,  first  through  solution  of  potash,  then  through  two  chloride  of 
calcium  tubes,  then  into  a  red-hot  porcelain  tube,  in  which  are  placed 
little  boats  or  dishes  of  porcelain  containing  the  zinc  to  be  purified,  and 
lastly  through  a  knee-shaped  tube  into  oil  of  vitriol.  The  zinc  is 
deposited  in  the  colder  part  of  the  porcelain  tube  (antimony  and  cadmium 
may  be  distilled  in  a  similar  manner). — Distillation,  however,  does  not 
purify  the  zinc  completely,  especially  from  the  more  volatile  metals,  such 
as  cadmium  and  lead;  according  to  Berzelius  and  Dulong  {Ann.  Chim. 
Fhys.  15,  388),  the  zinc  after  distillation  contains  the  same  impurities  as 
before. 

2.  Sulphur,  either  alone  or  mixed  with  grease,  is  repeatedly  stirred 
about  with  a  stick  at  the  bottom  of  melted  zinc,  in  order  to  convert  the 
foreign  metals  into  sulphides.  The  more  briskly  the  sulphur  is  stirred 
about,  the  more  complete  is  the  purification:  the  process,  however,  does 
not  remove  the  whole  of  the  lead  and  iron.  (Bonnet,  Bchwake,  Ann, 
Pharm.  9,  184.) 

3.  Commercial  zinc  fused  and  very  hot  is  ponred  into  a  deep  bucket 
filled  with  water,  in  order  to  granulate  it  as  finely  as  possible;  1  part  of 
this  granulated  zinc  is  then  placed,  together  with  |  pt.  nitre,  in  a  crucible, 
in  such  a  manner  that  there  may  be  a  small  portion  of  free  nitre  both  at 
top  and  bottom,  and  the  whole  is  heated  in  the  furnace  till  vivid  com- 
bustion ensues.  The  crucible  is  then  taken  out,  the  slag  removed,  and 
the  zinc  poured  out.  The  zinc  thus  treated  is  free  from  arsenic  and  iron. 
(Maillet,  J,  Pluirm,  27,  625.) 

4.  To  obtain  perfectly  pure  zinc,  it  is  necessary  to  distil  perfectly 
pure  zinc-oxide  with  lainp-black  (or  charcoal)  in  a  retort,  and  free  the 
product  from  any  charcoal  that  may  be  mixed  with  it,  by  a  second 
distillation:  but  this  distillation,  on  the  small  scale,  is  attended  with  many 
difficulties. 

Testing.  The  hydrogen  gas  evolved  on  dissolving  the  zinc  in  pnre 
dilute  sulphuric  acid  should  give  no  precipitate  when  passed  through 
solutions  of  lead,  silver,  or  gold  salts;  a  precipitate  would  indicate  the 
presence  of  sulphur  or  arsenic;  it  must  neither  yield  arsenic  spots,  nor 
deposit  metallic  arsenic  when  passed  through  a  red-hot  tube  (IV.  268); 
fuming  nitric  acid  through  which  the  gas  has  been  passed  ought  to 
evaporate  completely  over  the  water-bath :  sulphur,  arsenic,  or  antimony 
would  remain  behind  in  the  form  of  an  acid. — The  zinc  when  dissolved 
in  dilute  sulphuric  acid  must  leave  no  residue.     The  resulting  solution  of 
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Zinc-sulphate,  when  sapersatu rated  with  sulphuric  acid,  must  give  no 
precipitate  with  sulphuretted  hydrogen  (cadmium,  copper,  tin);  metallic 
zinc  immersed  in  it  should  produce  no  metallic  deposit  (cadmium,  tin, 
copper).  The  precipitate  which  potash  produces  in  the  solution  of  the 
sulphate  should  be  perfectly  soluble  in  excess  of  the  re-agent  (the  oxides 
of  iron,  copper,  and  cadmium  would  be  left  undissolved).  The  solution 
of  the  zinc  in  aqua-regia  should  give  no  precipitate  with  chloride  of 
barium, — that  is  to  say,  it  must  be  free  from  sulphuric  acid. 

Properties.  Crystallizes  in  long,  regular,  six-sided  prisms.  (Nogge- 
rath,  Fogg.  39,  324.)  According  to  former  statements,  it  crystallizes  in 
four-sided  prisms  and  needles.  Zinc  containing  from  3  to  4  per  cent,  of 
iron  was  found  by  Laurent  and  Holms  (Ann.  Ckim.  Phys.  60, 333)  in  the 
cracks  of  the  earthen  tubes  in  which  it  had  been  distilled,  crystallized 
in  rhombic  prisms.  T.  Nicklds  {N.  Ann.  Chim.  Phys.  22,  37)  states 
that  zinc  prepared  by  Jacquelain's  method  of  distillation  in  a  current  of 
hydrogen,  crystallizes  in  well-defined  pentagonal  dodecahedrons :  hence 
it  is  dimorphous.  ^.  Zinc  has  a  broadly  laminar  texture.  It  is  mode- 
rately hard,  difficult  to  file,  and  when  bent  after  fusion,  emits  a  crack- 
ling noise,  but  not  so  loud  as  tin.  If  hammered  with  great  violence,  it 
splits  in  the  direction  of  the  cleavage-planes ;  but  by  careful  pressure, 
whereby  it  loses  its  crystalline  structure,  it  may  be  rendered  ductile,  and 
may  then  be  extended  into  thin  plates  or  wires.  According  to  Hobson 
and  Sylvester  {GUb.  24,  104),  it  exhibits  its  greatest  degree  of  ductility 
and  malleability  at  temperatures  between  100^  and  150^ ;  at  205^,  on 
the  contrary,  it  is  so  brittle  that  it  may  be  pounded  in  a  mortar.  Hence, 
to  obtain  zinc-plate,  or  zinc-foil,  the  metal  cast  in  a  tabular  form  is 
heated  in  a  boiling  solution  of  common  salt,  and  then  passed  between 
rollers.  To  obtain  pulverized  zinc,  on  the  other  hand,  the  melted  metal 
is  poured  into  a  strongly  heated  crucible,  and  the  heated  mass  strongly 
rubbed  and  stirred  with  an  iron  pestle  till  it  solidifies.  (Bottger,  Ann, 
Pharm.  34,  85.) — The  specific  gravity  of  commercial  zinc  solidified  after 
fusion  is  6*861  (Brisson);  of  purified  zinc,  6*9154  (Karsten) ;  of  rolled 
commercial  zinc,  7*1908  (Brisson).  Zinc  has  a  bluish  grey-white  colour, 
and  a  strong  lustre.     Fuses  at  260''  (Black),  at  37 4**  (Morveau),  at  412=^ 

IDaniell),  and  boils  at  a  white  heat.     Contracts  strongly  in  solidifying 
rom  fusion  (Marx). 

Atomic  Weight.  32*26,  Berzelius;  3309,  Jacquelain ;  33,  Favro 
(Ann.  Pharm.  48,  193). 


Compounds  of  Zinc. 

Zinc  and  Oxygen. 

A*  Svh-^oxide  of  Zinc  ? 

Zinc  exposed  to  the  air  at  ordinary  temperatures,  becomes  covered 
with  a  thin  grey  film,  which  prevents  the  further  oxidation  of  the  inner 
portions.  Zinc  heated  just  to  the  melting  point,  oxidates  still  more 
rapidly,  and  forms  a  grey  powder,  which,  however,  is  soon  converted 
into  the  white  oxide.  Berzelius  regards  this  grey  substance  as  a  sub- 
oxide ;  Proust,  Davy,  and  A.  Vogel  regard  it  as  a  mixture  of  the  metal 
and  the  oxide. 
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B.  Znfc-oxiDE.    ZdO. 


Oxide  ofzinCy  Protoxide  of  zinc,  Zinkoxpd,  Oxyde  tincique,^^R€d  zinc- 
ore  is  a  mixture  of  88  parts  zinc-oxide  aud  12  parts  maDganoso-maoganio 
oxide. 

Formation.     Zinc  heated  to  redness  in  the  air  bnms  with  a  dazzling 
bluish  and  greenish  flame,  and  forms  zinc-oxide,  which  partly  remains  in 
the  crucible,  partly  rises  up  in  the  air,  and  falls  down  again  in  large 
flakes — Flowers  of  zinc,  Zinkhlutnen,  Flores  zinci,   Lana  philosophica, 
NxhUum  album.     When  it  has  once  taken  fire,  it  continues  to  bum,  even 
after  the  crucible  has  been  removed  from  the  furnace,  till  the  whole  is 
converted  into  oxide,  provided  it  be  constantly  stirred  and  the  oxide 
removed  as  it  forms.  (Sementini.)     Zinc  heated  in  the  air  just  to  the 
melting  point,  is  gradually  converted,  first  into  sub-oxide  and  then  into 
oxide. — 2.  At  ordinary  temperatures,  zinc  remains  bright  in  dry  air.     If 
water  be  present,  the  hydrated  oxide  is  formed;  and  if  the  air  likewise 
contains  carbonic  acid,  hydrated  basic  carbonate  of  zinc  is  produced. 
Zinc  placed  under  a  receiver  surrounded  at  the  bottom  with  water  and 
containing  air  free  from  carbonic  acid,  becomes  covered  with  drops  of 
moisture,  and  tarnished  on  the  surface  by  the  formation  of  a  whitish-groy 
film  of  hydrated  oxide.     But  if  a  piece  of  tarnished  lead  be  placed  under 
the  same  receiver,  though  not  in  contact  with  the  zinc,  the  drops  of  water 
are  deposited  only  ou  the  lead,  not  on  the  zinc,  which  therefore  remains 
bright.    Under  water  which  is  in  contact  with  air  free  from  carbonic  acid, 
zinc  becomes  covered  with  hydrated  oxide  containing  7  per  cent,  of  water. 
Zinc  exposed  to  moist  air  containing  carbonic  acid, — to  the  open  air,  for 
example, — ^becomes  covered  with  hydrated  basic  carbonate  of  zinc.     The 
same  salt  is  formed  when  zinc  is  exposed  to  the  air  under  wat«r.    (Von 
Bonsdorff,  Fogg.  42,  325.)    When  zinc  is  exposed  to  the  air,  under  water 
containing  j^  of  hydrate  of  potash,  it  turns  grey,  and  forms  white  shining 
laminsD  of  carbonate  of  zinc  :  no  zinc  is  dissolved  in  the  water.  (A.  Vogel, 
J,  pr.  Cheni.  14,  107.) — The  following  remarkable  observations  of  Bons- 
dorff  may  likewise  be  added  in  this  place.     Whenever  two  metals  are 
placed — not  in  contact^v^ith  each  other — under  a  bell-jar  containing  air 
and  closed  at  the  bottom  with  water,  only  the  more  oxidable  metal  is 
bedewed,  and  therefore  oxidated  :  e.g.  arsenic  or  lead  placed  in  a  moist 
atmosphere  near  copper  or  silver.     Copper  or  silver  placed  alone  under 
the  bell-jar  condenses  the  dew  on  its  surface.     The  contrary  efiect  takes 
place  if  the  metals  are  in  contact :  thus,  when  copper  is  in  contact  with 
zinc,  the  copper  alone  is  bedewed;  when  copper  is  in  contact  with  silver, 
the  condensation  of  moisture  takes  place  only  on  the  silver. — Zinc  does 
not  decompose  pure  water  at  ordinary  temperatures;  but  at  a  red  heat 
or  in  presence  of  acids  or  alkalis,  the  decomposition  takes  place.     Zinc 
sealed  up  in  a  glass  tube  together  with  water  deprived  of  air  by  boiling, 
remains  bright  for  years.  (Bonsdorfi*,  Boutigny,  Ann,  de  Hyg.  publ.  17, 
290.)     It  does  not  decompose  pure  water,  even  on  boiling;  and  even 
when  placed  in  contact  with  copper,  it  docs  not  decompose  pure  water, 
but  only  water  containinff  a  salt.  (J.  Davy,  iV.  £d.  Phil.  J.  17, 47.)    When 
vapour  of  water  is  passed  over  ziuc  at  a  low  red  heat,  hydrogen  gas  is  set 
free,  and  small  crystals  of  zi no-oxide  are  deposited  upon  the  nietal :  if 
the  zinc  is  strongly  ignited,  the  oxide  sublimes  on  the  tube  in  small 
shining  crystals.  (Regnault,  Ann.  Chim.  Pkys.  62,  350.)     If  the  zinc  is 
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feebly  ignited,  the  oxide  is  obtained  partly  in  amorphous  globules,  partly 
in  transparent  rhombic  laminsa.  (Haldat,  Ann,  Chim,  Phys.  46,  72.)  All 
acids  which  retain  their  oxygen  somewhat  strongly— even  weak  acids- 
evolve  hydrogen  gas  with  water  and  zinc.  The  purer  the  zinc,  the  more 
slowly  does  it  dissolve  in  dilute  acids,  unless  it  is  in  contact  with  platinum 
or  some  other  electro-negative  metal  (I.  347).  In  aqueous  alkalis,  solu- 
tion takes  place  more  slowly  than  in  acids. — 4.  Red-hot  zinc  converts 
carbonic  acid  gas  into  carbonic  oxide,  and  forms  with  phosphoric  acid  a 
mixture  of  phosphide  of  zinc  and  phosphate  of  zinc-oxide.  In  the  moist 
way,  it  decomposes  sulphurous  acid,  strong  sulphuric  acid  (on  the  appli- 
cation of  heat),  seleuic,  chloric,  nitric,  raolybdic,  and  arsenic  acid.  From 
the  oxides  of  arsenic,  antimony,  tellurium,  bismuth,  cadmium,  tin,  lead, 
iron,  cobalt,  nickel,  copper,  mercury,  silver,  gold,  platinum,  palladium, 
rhodium,  iridium,  and  osmium,  dissolved  in  acids,  it  withdraws  all  the 
oxygen  and  precipitates  the  metals,  being  itself  dissolved  in  the  form  of 
oxide;  and  from  the  higher  oxides  of  titanium,  tungsten,  molybdenum, 
chromium,  vanadium,  uranium,  manganese,  and  iron,  dissolved  or  diffused 
in  acids,  it  withdraws  a  part  of  the  oxygen. 

Preparation,  Zinc  is  heated  nearly  to  combustion  in  a  capacious 
crucible,  placed  in  the  furnace  in  a  slanting  position — the  surface  of  the 
metal  frequently  renewed — and  the  oxide,  which  is  deposited  in  woolly 
masses,  removed  from  time  to  time  from  the  crucible,  and  then  rubbed  up  in 
water  and  lerigated,  to  free  it  from  adhering  grains  of  metallic  zinc. 
This  process  yields  the  true  Flares  zinci,  which,  if  they  are  prepared  from 
ordinary  zinc,  likewise  contain  the  oxides  of  the  metals  with  which  the 
zinc  itself  is  contaminated.  Hence  Wittstein  recommends  zinc  purified 
by  distillation. — 2.  Sulphate  of  zinc  (or  any  other  soluble  zinc-salt)  is 
first  prepared  in  a  state  of  purity,  then  mixed  with  an  alkaline  carbonate 
to  precipitate  the  carbonate  of  zinc,  and  the  latter  thoroughly  washed, 
and  afterwards  dried  and  ignited.  This  process  gives  the  zinc-oxide 
prepared  in  the  wet  way :  Zincum  oxydatum  via  humida  paratum,^^ 
a.  Preparation  of  the  pure  Zinc-sulphate.  The  white  vitriol  of  commerce 
cannot  be  used  for  this  purpose,  because  it  usually  contains  sulphate  of 
magnesia  :  the  best  salt  for  the  purpose  is  that  obtained  by  dissolving 
zinc  in  dilute  sulphuric  acid.  Since  common  oil  of  vitriol  often  contains 
lime,  and  fuming  oil  of  vitriol  contains  alumina,  it  is  best  to  use  the 
rectified  acid.  The  solution  may  contain — arsenic,  cadmium,  tin,  lead 
(a  trace  at  most  of  this  last  metal,  since  sulphate  of  lead  is  nearly  inso- 
luble), copper,  manganese,  iron,  nickel,  and  cobalt.  The  quantity  of 
iron  dissolved  is  least,  according  to  Wackenroder,  when  the  dilute  acid 
is  made  to  act  on  the  metal  in  the  cold.  By  mixing  the  solution  of  zinc- 
sulphate  with  such  a  quantity  of  free  sulphuric  acid  that  a  portion  of  the 
liquid  treated  with  sulphuretted  hydrogen  water  no  longer  gives  a  white 
precipitate  (sulphide  of  zinc),  then  saturating  it  with  sulphuretted 
hydrogen  gas  and  leaving  it  in  a  closed  vessel  for  several  days,  the 
arsenic,  cadmium,  tin,  lead,  and  copper  are  completely  precipitated  in  the 
form  of  sulphides.  The  liquid  is  then  decanted  and  filtered  without 
washing — ^lest  any  portion  or  the  precipitated  metals  should  re-dissolve — 
and  the  excess  of  sulphuretted  hydrogen  expelled  by  bjiling.  If  the 
dilute  sulphuric  acid  has  been  allowed  to  act  for  several  weeks  in  an  open 
yessel,  and  without  heating,  on  granulated  zinc  in  excess,  till  no  more  gas 
is  evolved,  even  on  agitation,  the  metals  just  mentioned  as  precipi table  by 
sulphuretted  hydrogen  are   thrown  down  in  the  metallic  state  by  the 
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excess  of  zinc;  so  that  the  solation,  when  acidalated  with  sulphnric  aoid^ 
gives  no  precipitate  with  sulphuretted  hydrogen,  and  oonsequentlj  the 
treatment  with  that  liquid  may  be  dispensed  with.  The  cadmium,  tin, 
lead,  and  copper  may  likewise  be  precipitated  in  the  metallic  state  by 
leaving  the  solution  of  the  zinc-sulphate  for  some  time,  either  warm  or 
cold,  in  contact  with  metallic  zinc,  or  by  boiling  it  with  that  metal  (Dalk^ 
Berl.  Jahrb,  24,  2,  74;  Horst,  Br,  Arck.  7,  75;  Waokenroder)  :  in  all 
cases,  however,  a  portion  of  the  solution  thus  purified  should  be  mixed 
with  excess  of  sulphuric  acid,  then  saturated  with  sulphuretted  hydrogen, 
and  left  to  itself  for  a  few  days.  If  a  precipitate  is  thereby  produced, 
the  whole  of  the  solution  must  be  treated  with  sulphuretted  hydrogen. 

It  still  remains  to  separate  any  iron,  cobalt,  nickel,  or  manganese  that 
may  be  present.  If  the  object  in  view  is  the  preparation  of  pure  zinc- 
sulphate,  the  solution  is  first  freed  from  a  portion  of  the  metals  just 
mentioned,  and  likewise  from  the  excess  of  acid,  by  evaporating  and 
cooling,  and  then  decanting  the  mother-liquid  from  the  crystals.  The 
crystals  are  then  re-dissolved  in  water;  ^^-^  of  the  solution  mixed  with 
carbonate  of  soda  to  precipitate  carbonate  of  zinc;  the  precipitate,  after 
thorough  washing,  diffused  through  the  rest  of  the  solution;  and  chlorine 
gas  passed  through  the  liquid,  which  must  be  constantly  agitated,  till  a 
large  portion  of  the  zinc-carbonate  is  dissolved,  and  the  rest  has  acquired 
a  brownish  colour  from  admixture  of  sesquioxide  of  iron  and  the  peroxides 
of  manganese,  cobalt,  and  nickel.  The  liquid  is  then  set  aside  for  some 
time  in  a  warm  place  and  frequently  agitated — afterwards  mixed  with 
sulphuric  acid,  because  a  basic  salt  has  been  formed  in  the  preceding 
process;  then  evaporated  to  the  crystallizing  point,  and  the  crystals  freed 
by  re-crystallization  from  adhering  chloride  of  zinc.  The  same  end  may 
be  attained  by  the  following  methods: — Veltmann  {BerL  Jahrb.  29,  1, 
5^)  mixes  the  solution  of  zinc-sulphate  with  chlorine-water  (which,  how- 
ever, requires  the  use  of  large  vessels),  and  adds  zinc-oxide  to  it. 
Schindler  {Mag.  Pharm,  26,  74)  saturates  the  dilute  solution  with 
chlorine  (a  concentrated  solution  does  not  absorb  enough)  and  then 
digests  it  with  zinc-oxide.  Bonnet  {Ann.  Pharm,  9,  165)  precipitates 
carbonate  of  zinc  from  a  portion  of  the  solution,  washes  it,  diffuses  it  in 
water,  passes  chlorine  gas  through  the  liquid,  and  mixes  the  resulting 
oxychloride  of  zinc  with  the  rest  of  the  solution.  If,  on  the  other  hand, 
the  preparation  of  pure  zinc-oxide  from  the  solution  be  the  only  object  in 
view,  the  liquid  is  mixed  with  a  quantity  of  carbonate  of  soda  sufficient 
to  produce  a  copious  precipitate;  chlorine  gas  passed  through  it,  with 
agitation,  till  the  greater  part  of  the  precipitate  is  dissolved;  and  the 
solution  filtered.  (Greve,  Br.  Arch.  22,  40;  Wackenroder.)  Or,  the 
solution  of  zinc-sulphate  is  mixed  with  chloride  of  soda,  then  left  to  itself 
for  24  hours,  and  carbonate  of  soda  cautiously  added  till  a  perfectly  white 
precipitate  begins  to  form.  (Jansen,  Mag.  Pharm.  26,  74;  Herberger, 
RepeH.  48,  382;  Frederking,  RepeH.  b^,  72.)  The  chloride  of  soda  must 
be  prepared  with  carbonate  of  soda  and  chlorine  gas,  not  with  carbonate 
of  soda  and  chloride  of  lime,  because  in  that  case  it  might  contain  lime. 
Hermann  {Schw.  46,  249)  mixes  the  solution  with  chloride  of  lime  con- 
taining excess  of  lime;  evaporates  the  liquid  to  the  crystallizing  point; 
separates  the  crystals  from  the  mother-liquid,  which  may  still  contain 
cobalt  and  nickel;  dissolves  them  in  the  smallest  possible  quantity  of  cold 
water,  and  filters  to  separate  gypsum.  Zinc- oxide  thus  prepared  may 
contain  lime  and  magnesia,  because  the  gypsum  may  not  oe  completely 
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separated,  and  tbe  lime  used  in  preparing  chloride  of  lime  often  contains 
magnesia.  (Greve,  Veltraann,  Wackenroder.) 

There  are  likewise  a  few  methods  of  purification,  chiefly  directed 
towards  the  separation  of  iron.     The  solution  miiced  with  carbonate  of  i 

zinc  is  exposed  to  the  air  for  several  months  till  the  iron  is  completely  I 

precipitated.  (Martius,  Rtpert,  41.  203;  Clamor-Marquart,  Ann.  Pliarm,  i 

7,  20.)  The  solution  is  boiled  with  zinc-oxide.  (Geiger.)  Since  the  pre- 
cipitation of  the  iron  depends  upon  its  conversion  from  protoxide  into 
sesquioxide  by  the  oxygen  of  the  air,  it  would  be  necessary,  in  applying 
this  method,  to  heat  the  solution  for  a  long  time,  and  in  that  case  basic 
sulphate  of  zinc  would  be  formed.  (Wackenroder.)  A  solution  of  16 
parts  of  zinc -sulphate  is  boiled  with  1  part  of  nitric  acid,  till  it  is  reduced 
to  a  thickish  mass;  then  re-dissolved  in  water,  boiled  with  1  or  \^  pt.  pure 
zinc-oxide,  and  filtered.  (Trommsdorff,  Taschenb,  1823,  1.)  It  is  not 
easy  to  oxidize  the  iron  completely;  the  filtrate  contains  l)a8ic  zinc- 
sulphate  which  must  be  re-converted  into  monosulphate  by  the  addition  of 
a  small  quantity  of  sulphuric  acid.  (Schindler.)  9  parts  of  crystallized 
zinc- sulphate  are  heated  in  a  crucible  with  1  part  of  nitre,  gently  at  first 
— then,  after  the  water  of  crystallization  has  been  driven  off,  to  strong 
redness — and  kept  at  that  heat  till  a  portion  dissolved  in  water  yields  a 
filtrate  free  from  iron :  the  whole  is  then  dissolved  in  water  and  filtered. 
(Bucholz,  PJiaTin,  Bo7*usb.)     Artus  {J.  pr.  Chem,  26,  508)  mixes  50  parts  . 

of  finely  powdered  zinc-sulphate  very  intimately  with  1  part  of  nitre;  | 

heats  the  mixture  in  a  crucible,  stirring  it  all  the  while  with  a  porcelain  \ 

spatula,  till  it  is  dry;  then  raises  the  heat  somewhat  higher;  afterwards 
dissolves  in  hot  vrater ;  filters  to  separate  oxide  of  iron,  and  boils  the 
filtrate  for  a  short  time  with  purified  charcoal  to  separate  any  manganese 
that  may  be  present.  Geiger  recommends  igniting  the  zinc-vitriol  with 
y^  nitrate  of  zinc-oxide  or  baryta;  if  the  latter  salt  be  used,  strong  ignition 
IS  necessary.  Dalk  mixes  the  solution  of  zinc-sulphate  with  infusion  of 
galls,  and  exposes  it  to  the  air  in  a  basin  as  long  as  a  violet  film  continues 
to  form  upon  it;  then  evaporates  to  dryness,  dissolves,  and  filters.  To 
remove  the  excess  of  tannin,  Wittstein  (Bepei^t.  65,  218)  digests  the 
filtrate  for  24  hours  with  recently  ignited  charcoal;  and  Walcker  {Ann. 
Pharm,  4,  84)  precipitates  it  by  boiling  with  white  of  egg,  A  solution 
of  4  parts  zinc-sulphate  in  20  water  set  aside  for  5  days  in  contact  with 
recently  ignited  wood-charcoal  deposits  all  the  iron  it  contains  upon  the 
charcoal.  (Stickel,  Wittsteiti.) 

It  has  likewise  been  proposed  to  dissolve  zinc  in  hydrochloric,  nitric, 
or  acetic  acid,  and  then  purify  the  solution  in  a  similar  manner. 

%  Defferre  (J.  Pharm.  5,  70)  dissolves  125  parts  of  zinc  in  500  parts 
of  hydrochloric  acid — then  adds  8  parts  of  nitric  acid,  and  warms  the  liquid 
to  oxidize  the  iron;  evaporates  to  dryness;  dissolves  the  residue  in  water; 
leaves  the  solution  for  24  hours  in  contact  with  8  parts  of  carbonate  of 
lime,  and  filters.  The  clear  liquid  is  precipitated  while  hot,  by  gradually 
adding  dilute  ammonia  as  long  as  any  precipitate  continues  to  form,  the 
solution  retains  but  very  little  zinc-oxide,  and  the  precipitate,  after 
thorough  washing,  contains  scarcely  a  trace  of  any  other  salt.  ^ 

6.  Precipitation  of  the  purijled  Zinosolution, — The  solution  is  boiled 
in  a  porcelain  basin,  and  carbonate  of  soda  added  in  small  portions  till 
slightly  in  excess;  the  boiling  is  then  continued  for  a  time,  in  order  that 
the  precipitate  may  aggregate  more  closely.  Or,  a  dilute  solution  of 
1  At.  zinc-sulphate  is  precipitated,  in  the  cold  and  with  agitation,  by  a 
•olution  of  somewhat  less  than  1  At.  carbonate  of  soda,  the  filtering  being 
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deferred  for  some  time  in  order  that  the  gelatinous  precipitate  may 
become  pulverulent.     Another  method  is  to  boil  a  solution  of  9  parts  of 
crystallized  carbonate  of  soda  in  a  clean  copper  vessel,  and  caose  a  solu- 
tion of  2   parts  of  zinc  to  flow  into   it  in  a  thin  stream— the  soda- 
solution  being  constantly  stirred— so  that  the  liquid  may  not  boil  over 
from  escape  of  carbonic  acid,  nor  the  undecomposed  zinc-solution  come  in 
contact  with  the  copper  vessel.     The  precipitate  is  easy  to  wash,  and  is 
free  from  soda,  provided  the  boiling  has  been  kept  up  during  the  whole 
time  of  mixing.  (Schindler.)     If  any  portions  of  soda  and  sulphuric  acid 
are  carried  down  with  the  precipitate,  the  greater  part  may  be  removed 
by  boiling  for  a  while  after  precipitation,  but  not  all.  (Wackenroder.) 
If  the  zinc-solution  be  precipitated  by  carbonate  of  soda  in  the  cold,  an 
excess  of  the  latter  must  be  avoided,  as  otherwise  the  precipitate  will 
retain  its  gelatinous  character  even  after  long  standing,  and  will  contain 
considerable  quantities  of  soda  and  sulphuric  acid.     For  1  part  of  zinc- 
vitriol  dissolved  in  20  parts  of  water,  1  part  of  crystallized  carbonate  of 
soda  dissolved  in  10  parts  of  water  is  sufficient.     The  two  solutions  are 
mixed  at  once,  and  rapidly  stirred ;  the  transparent  jelly  thereby  pro- 
duced is  converted  in  the  course  of  24  or  36  hours,  with  evolution  of  gas, 
into  a  loose  powder  which   is  easy  to  wash.     Acid  carbonate  of  zinc 
remains  in  solution,  together   with  any  lime  and  magnesia  that   may 
perchance  be  present.     The  oxide  obtained  by  ignition  from  the  carbonate 
precipitated  in  the  cold  exhibits  a  fainter  tinge  of  yellow  than  that 
prepared  from  carbonate   precipitated   from    hot  solutions.    (Schindler, 
Wackenroder.)     The  zinc-solution  may  likewise  be  mixed  in  the  cold 
with  carbonate  of  ammonia,  till  the  liquid  is  perfectly  neutral.     The 
precipitate,  like  that  produced  by  cold  carbonate  of  soda,  contains  but  a 
trace   of  sulphuric  acid.     The  precipitate  obtained  with  carbonate  of 
ammonia  in  a  hot  solution,  contains  a  considerable  quantity  of  sulphuric 
acid.  (Wackenroder.)     Precipitation  by  caustic  ammonia ,  potash,  or  soda, 
does  not  give  good  results;  if  too  small  a  quantity  of  the  alkali  be  used, 
a  basic  salt  is  precipitated;  with  a  larger  quantity,  the  precipitate  is 
liable   to   be  contaminated   with  an  alkaline   salt,   and   a  still   larger 
quantity  completely  re-dissolves  it.      The   precipitated   zinc-carbonate 
is  washed  partly  by  subsidence  and  decantation,  partly  by  pressure,  and 
lastly  on  the  filter.     The  dried  precipitate  is  gently  ignited  in  a  covered 
earthen  crucible. — The  most  direct  mode  of  obtaining  pure  zinc-oxide 
would  be  to  precipitate  pure  nitrate  of  zinc  by  carbonate  of  ammonia,  and 
ignite  the  precipitate. 

Testing  of  the  Zhic-cxide.^The  oxide  prepared  by  (I)  should  be 
white;  that  obtained  by  (2)  white,  with  a  faint  tinge  of  lemon-yellow. 
A  brownish  white  tint  indicates  the  presence  of  foreign  metallic  oxides; 
pure  whiteness  and  considerable  density  in  the  oxide  (2)  shows  the 
presence  of  sulphuric  acid,  chlorine,  and  soda. — 1.  Metallic  zinc:  Evo- 
lution of  hydrogen  on  solution  in  acids. — 2.  Sulphuric  acid  or  chlorine: 
The  solution  of  the  oxide  in  nitric  acid  gives  a  precipitate  with  chloride 
of  barium  or  nitrate  of  silver. — 3.  Soda:  May  be  extracted  by  water, 
partly  in  combination  with  sulphuric  or  hydrochloric  acid. — 4.  Lime  and 
Magnesia:  The  solution  of  the  oxide  in  hydrochloric  acid,  when  preci- 
pitated  by  hydrosulphate  of  ammonia  and  filtered,  yields  chloride  of 
calcium  or  magnesia,  on  evaporation  and  ignition. — 5.  Silica:  From 
crude  potash,  when  that  substance  is  used  for  the  precipitation,  or  from 
the  crucible.    Left  behind  on  dissolving  the  oxide  in  hydrochloric  acid. — 
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6.  Sesquioxide  of  Manganese:  Partly  left  behind  when  the  xinc-oxide  is 
dissolved  in  dilute  nitric  acid.  Prodaces  a  green  colour  when  ignited 
with  carbonate  of  soda  and  nitre. — 7.  Sesquioxide  of  Iron:  The  solution 
in  hydrochloric  acid  gives  a  red  colour  with  sulphocyanide  of  potassium^ 
and  exhibits  the  other  reactions  of  ferric  salts. — 8.  Oxide  of  Lead:  Boiling 
carbonate  of  soda  extracts  this  oxide  almost  completely;  the  filtrate 
blackens  on  the  addition  of  hydrosulphuric  acid,  and  then,  on  the  addition 
of  an  acid,  gives  a  precipitate  of  sulphide  of  lead.  The  oxides  of  copper 
and  cadmium  remain  undissolved  in  this  process. — The  solution  of  the 
zinc-oxide  in  hydrochloric  or  nitric  acid  gives  a  precipitate  of  lead- 
sulphate  on  the  addition  of  a  large  quantity  of  sulphuric  acid. — 9.  Oxides 
of  Cadmium  and  Copper:  The  liquid  filtered  from  the  lead-sulphate,  or 
the  hydrochloric  acid  solution  of  the  zinc-oxide  freed  from  lead  by  boiling 
with  carbonate  of  soda,  gives  with  hydrosulphuric  acid,  a  yellow  or  brown 
precipitate,  which  must  be  further  examined. — 1 0.  Oxides  of  Nickel  and 
Cobalt. — See  the  methods  of  Berzelius  and  UUgren.  {JaXresb.,  21,  22, 
143  and  145.) 

Sublimed  and  mostly  impure  zinc-oxide  is  occasionally  obtained,  in 
the  form  called  Furnace-calamine,  Cadmia  fomacum,  Tatia,  or,  when  it 
is  whiter,  Fompkolyx,  in  the  preparation  of  brass  and  in  the  smelting  of 
zinkiferous  ores  in  the  smel ting-furnace,  in  the  shaft  of  which  it  collects. 
A  furnace-calamine  from  an  iron-smelting  furnace  examined  by  Anthon 

ij,  pr.  Ckem.  9,  4),  was  found  to  contain  zinc-oxide  74*9,  lime   1*7, 
erric  oxide  13*9,  lead-  and  cadmium-oxide  0*8,  silica,  with  a  small 
portion  of  cobalt-oxide  2*5,  quartz  adventitiously  mixed  4*8  (loss  1*9). 

Properties,  Crystalline  system,  the  hexagonal.  JRed  zinc-ore  occurs 
in  six-sided  prisms,  of  specific  gravity  6*2.  (Vernon.)  In  furnace- 
calamine,  Koch  found  crystals  having  the  forms  of  Figs,  131  (some  more 
obtuse,  others  more  acute),  132,  135, 137,  and  138. — At  the  zinc-smelting 
works  at  Filisur  in  the  Orisons,  there  are  found  sublimed  in  the  upper 
parts  of  the  crucibles  in  which  the  zinc  is  melted,  amber-coloured,  trans- 
parent, hard,  shining,  six-sided  prisms  {Figs.  135  and  138),  which  have  a 
density  of  6*0,  yield  a  white  powder  becoming  yellow  when  heated,  and 
consist  of  zinc-oxide  with  a  trace  of  sulphide.  (Vernon,  Fhil.  Mag. 
Ann.  7,401). — In  the  cracks  of  the  earthen  tubes  in  which  zinc  is  dis- 
tilled, Laurent  and  Holms  (Ann.  Chim.  Phys.  60,  333)  found  microscopic 
six-sided  prisms.  When  1  part  of  zinc-oxide  is  heated  to  commencing 
redness  with  from  4  to  6  parts  of  potash-hydrate,  and  the  product 
exhausted  with  water,  dingy  yellow  needles  of  zinc-oxide  are  left  behind. 
(Becqnerel,  Ann.  Chim.  Phys.  51,  105.) — Specific  gravity  of  zinc-oxide 
=5600  (0.  Boullay),  57344  (Karsten).— T  According  to  Brooks  {Pogg. 
74,  439)  the  specific  gravity  of  pure  crystallized  zinc-oxide  is  between 
5-61  and  5  60. — Crystalline  zinc-oxide,  deposited  in  an  earthen  retort 
used  for  the  distillation  of  zinc,  was  found  by  W.  and  T.  Herapath  to  be 
aggregated  in  acuminated  masses  of  small,  shining,  transparent  crystals, 
which  appeared  to  be  right  rhombic  prisms;  their  specific  gravity  was 
5-53.  When  treated  with  acids,  they  yielded,  without  effervescence, 
from  88-5  to  92  per  cent,  of  zinc-oxide,  and  an  insoluble  crystalline 
residue  consisting  of  ZnO,  SnO*.  {Chem.  Soc.  Qu.  J.,  I.  42.)  IF 

The  oxide  prepared  by  (1)  has  the  form  of  white  flakes,  or,  after 
levigation,  that  of  a  white  powder  The  oxide  prepared  by  (2)  is  a 
white,  loosely  coherent  powder,  having  a  slight  tinge  of  lemon-yellow. 
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Both  rarietieB  acquire  a  lemon-jellow  colour  when  heated,  but  lose  it 
again  on  cooling.  The  change  of  colour  is  not  accompanied  either  bj 
absorption  or  bj  eyolution  of  oxjgen.  The  yellowish  tint  which  the 
second  Tariety,  whether  it  has  been  gently  or  strongly  igniiedt  exhibits 
in  the  cold,  is  sometimes  attributed  to  the  presence  of  foreign  oxides.  It 
is,  howerer,  exhibited  eyen  by  the  perfectly  pure  oxide;  and,  if  the  oxide 
formed  by  the  combustion  of  zinc  be  dissolved  in  acids,  precipitated  and 
ignited  (Jansen),  or  dissolved  in  nitric  acid,  evaporated  and  ignited 
(Schindler),  it  likewise  acquires  this  yellow  tinge;  in  fact,  the  oxide  pre- 
pared by  precipitation  and  ignition,  and  which  is  probably  less  dense 
than  the  other  variety,  appears  to  possess  this  colour  as  an  essential 
character. — The  carbonate  precipitated  from  cold  solutions,  yields  on 
ignition,  a  lighter  oxide  than  that  which  is  precipitated  hot;  and  this 
lighter  oxide  acquires  a  brighter  yellow  colour  by  ignition;  if  on  the 
contrary,  the  oxide  is  denser  from  the  presence  of  sulphuric  acid,  chlo- 
rine, and  soda,  it  does  not  exhibit  this  tinge  of  yellow  when  cold. 
(Wackenroder.) — The  oxide  (2)  loses  its  yellowish  tint  by  strong  ignition 
on  platinum.  (Schindler.) — Zinc-oxide  emits  a  strong  light  in  the  blow- 
pipe flame.     It  is  volatile  at  a  strong  white  heat. 
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DecomposUiom.  By  potassium,  at  a  gentle  beat,  and  without  com- 
bustion. By  charcoal  at  a  strong  red  heat,  yielding  zinc  vapour  and 
carbonic  oxide  gas.  If  the  zinc-oxide  is  in  excess,  carbonic  acid  gas  is 
likewise  formed.  (Gm.)  By  carbonic  oxide  gas^  with  difficulty,  yielding 
zinc  and  carbonic  acid  gas.  (Dulong,  Despretz,  Ann,  Ckim.  Phys,  43,  222; 
also  Po^ff,  18,  159;  Gm.)  By  hydrogen  gas,  with  great  difficulty,  yield- 
ing metallic  zinc  and  water.  (Despretz,  Wackenroder,  Qm.)  By  sulphur, 
the  products  being  sulphide  of  zinc  and  sulphurous  acid. 

Comhination8,^a.  With  water. — Hydrate  op  Zinc-oxide,  or  Zinc- 
HTDRATE. — Ignited  zinc-oxide  immersed  in  water  does  not  enter  into 
combination  with  it.  (Wackenroder.) — PreparcUion.  1.  When  zinc  in 
contact  with  iron  is  immersed  in  aqueous  ammonia  for  eight  days,  and  the 
evolved  hydrogen  allowed  to  escape  through  a  gas-delivery  tube,  there 
are  deposited  on  the  zinc  and  on  the  sides  of  the  glass,  small,  transparent, 
colourless,  rhombic  prisms,  which  have  a  glassy  lustre,  are  permanent  in 
the  air,  and  leave  zinc-oxide  when  ignited.  (Schindler.)  Nickl^s  has  like- 
wise found  that  hydrated  zinc-oxide  crystallizes  in  right  rhombic  prisms. 
{N,  Ann,  Chim,  Phys.  22,  31.) — 2.  Nitrate  of  zinc-oxide  is  precipitated 
by  an  insufficient  quantity  of  potash,  and  the  light,  flocculent  precipitate, 
washed  till  the  water  no  longer  dissolves  out  any  zinc-salt.  (Bonnet.)  If 
an  excess  of  potash  is  used,  the  precipitate  contains  potash.  Sulphate 
and  hydrochlorate  of  zinc-oxide  yield  an  impure  hydrate.  (Bonnet.) 
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CryitaUized.  Schindler  (1. 

ZnO 40-2       ....       81-71  81-62 

HO    90      ....       18-29  18-38 


ZnO,  HO    49-2      ....     10000        100*00 

6.  With  Acids,  forming  the  Salts  of  Zinc-oxide  or  Zinc-salts. 
The  affinity  of  zinc-oxide  for  acids  is  considerable.  The  salts  are  colour- 
less, unless  the  acid  itself  is  coloured.  They  are  mostly  soluble  in  water; 
the  solutions  redden  litmus,  and  have  a  disagreeable,  rough,  and  somewhat 
ferruginous  taste.  They  exert  an  emetic  action.  When  ignited,  they 
give  up  all  their  acid,  provided  it  is  volatile;  the  sulphate,  however,  gives 
up  its  acid  with  difficulty.  They  produce  a  white  deposit  on  charcoal  in  the 
inner  blowpipe  flame;  when  moistened  with  nitrate  of  cobalt  and  ignited, 
they  yield  a  green  residue. — ^Free  hydrosulphuric  acid,  added  to  a  solution 
of  zinc-oxide  in  the  weaker  acids,  such  as  acetic  acid,  precipitates  the  whole 
of  the  zinc  in  the  form  of  white  hydrated  sulphide;  from  solutions  of 
zinc-oxide  in  the  stronger  acids,  such  as  sulphuric,  nitric,  and  hydro- 
chloric acid,  sulphuretted  hydrogen  precipitates  nothing,  if  the  acid  is  in 
freat  excess,  and  only  a  portion  of  the  zinc,  if  the  acid  is  not  in  excess, 
[ydrosulphate  of  ammonia  precipitates  zinc-salts  completely;  the  pre- 
cipitated zinc-sulphide  is  insoluble  in  hydrosulphate  uf  ammonia,  and 
likewise  in  caustic  ammonia,  potash,  and  soda,  and  their  carbonates,  and 
only  slightly  soluble  in  acetic  acid.  With  1  part  of  zinc  in  the  form  of 
sulphate  dissolved  in  10,000  parts  of  water,  hydrosulphate  of  potash  still 
gives  flakes;  in  20,000  parts  of  water,  only  a  faint  opalescence.  (Las- 
eaigno.) — Caustic  alkalis  throw  down  a  white  gelatinous  hydrate  of  zinc- 
oxide,  soluble  in  excess  of  ammonia,  potash,  and  soda.  The  alkaline 
solution  thus  formed  gives  a  white  precipitate  with  hydrosulphuric  acid; 
but  the  precipitation  is  not  complete  till  after  some  time. — Zinc-salts 
dissolved  in  water  give,  with  carbonate  of  ammonia,  a  white  gelatinous 
precipitate  of  carbonate  of  zinc-oxide,  soluble  in  excess  of  the  re-agent; 
with  carbonate  of  potash  or  soda,  they  form  a  similar  precipitate,  which, 
however,  is  insoluble  in  excess  of  the  re-agent,  but  is  dissolved  on  passing 
chlorine  through  the  liquid.  If  the  zinc-solution  is  mixed  with  sal- 
ammoniac,  carbonate  of  potash  or  soda  gives  a  precipitate  only  after  long 
boiling.  (H.  Rose.)  A  solution  of  zinc-vitriol,  containing  only  1  part 
of  zinc  in  10,000  parts  of  water,  still  gives  slight  flakes  with  carbonate 
of  potash  or  soda;  with  20,000  parts  of  water,  the  precipitate  appears 
after  some  time  only.  (Lassaigne.)  Bicarbonate  of  potash  or  soda  pre- 
cipitates zinc-salts  with  copious  evolution  of  carbonic  acid. — Zinc-salts 
are  not  precipitated  by  carbonate  of  lime  (Fuchs,  Schw.  02,  191);  the 
carbonates  of  baryta,  strontia,  lime,  and  magnesia,  do  not  precipitate 
them  at  ordinary  temperatures,  but  completely  at  a  boiling  heat. 
(Demar^ay,  Ann,  Pharm,  11,  240.)— Phosphate  of  soda  gives  a  white 
precipitate,  soluble  in  ammonia  and  in  potash. — Oxalic  acid  precipitates 
zinc-oxide  in  the  form  of  a  white  oxalate,  and,  according  to  Thomson,  the 

Precipitation  is  complete.  If  the  solution  is  very  dilute,  the  turbidity 
ocs  not  appear  till  after  some  time.  (H.  Rose.)  The  precipitate  is  pro- 
duced, even  when  the  zinc-salt  contains  a  large  excess  of  acid,  provided 
it  be  considerably  diluted.  The  precipitated  oxalate  is  soluble  in 
ammonia  and  in  potash. — Zinc-salts  give,  with  ferrocyanide  of  potassium 
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with  ferrocyanide  of  potassiam;  in  20,000  parte  of  water,  a  very  sllglit 
turbidity;  with  the  same  quantity  of  salt  in  80,000  parte  of  water,  the 
turbidity  does  not  appear  till  after  5  or  10  minutes.  (Lasaaigne.) 
Tincture  of  galls  precipitates  the  basic  salte  of  zinc,  or  those  which 
contain  a  weak  acid,  even  when  the  solutions  are  very  dilute.  (Schindler.) 
Zinc-salte  are  not  precipitated  by  heavy  metals,  or  by  sulphite  of 
ammonia. — Those  zinc>salte  which  are  insoluble  in  water,  dissolve  in 
hydrochloric  acid  and  in  a  hot  aqueous  solution  of  sal-ammoniac, 
c.  With  alkalis  and  with  certain  oxides  of  the  heavy  metals. 


C.  Peroxide  of  Zinc? 

Th^nard  (Ann,  Chim,  Fhys.  9, 55)  obtained  this  compound  by  treating 
hydrated  zinc-oxide  with  aqueous  peroxide  of  hydrogen  at  O''.  It  forms 
a  gelatinous  mass,  which,  even  at  ordinary  temperatures,  and  still  more 
at  100°  gives  off  oxygen  gas,  and  dissolves  in  acids,  forming  a  salt  of  zinc- 
oxide  mixed  with  peroxide  of  hydrogen.  Possibly,  a  compound  of  zinc- 
oxide  with  peroxide  of  hydrogen. 


Zinc  and  Hydroobn. 

A.  Hydride  of  Zinc%^{Vid.  Ruhland,  Sehw.  15,  418.) 

B.  Zincuretted  Hydrogen  Gas? — Vauquelin  obtained  this  gas  by 
igniting  4  parte  of  roasted  blende  with  1  part  of  charcoal  powder-^* 
Colourless,  lighter  than  air,  heavier  than  hydrogen.  Has  a  faint  but 
unpleasant  odour.  When  set  on  fire  by  a  flaming  body,  it  burns  in  the 
air  with  a  bluish  and  yellowish  white  flame,  forming  white  clouds  of 
zinc-oxide,  and  deposit mg  a  small  quantity  of  metallic  zinc.  When 
mixed  with  chlorine,  it  explodes  by  contect  with  flame,  producing  hydro- 
chloric acid  and  chloride  of  zinc.  Not  decomposed  by  nitric  acid  or  by 
easily  reducible  metallic  salte.  Not  absorbed  by  water.  Does  not  combine 
with  salifiable  bases. 

Zinc  and  Carbon. 

A.  Carbide  of  Zinc  ? — Nearly  all  the  zinc  of  commerce  contains  carbon. 
•^-The  black  powder  which  is  left  l>ehind  in  the  distillation  of  cyanide  of 
zinc,  and  which,  when  thrown  on  red-hot  coals,  burns  and  forms  oxide  of 
zinc,  is  regarded  by  Berzelius  as  carbide  of  zinc. 

B.  Carbonate  op  Zinc-oxidb  or  Zinc-Carbonate, — Carbonate  of 
Zinc* — Ignited  zinc-oxide  does  not  absorb  carbonic  acid  from  the  air 
(Schindler);  but  if  carbonic  acid  gas  be  paased  through  ignited  zinc-oxide 

*  The  longer  terms,  carbonate  of  zinc-oxide,  nitrate  of  silTer-oxide,  &c.,  are  those 
which  accord  most  strictly  with  the  received  nomenclature  of  the  alkaline  salts,  such  as 
carbonate  of  soda,  nitrate  of  lime,  &c.;  the  shorter  terms,  zinc-carbonate,  silver-nitrate, 
&c.,  are  convenient  abbreviations  of  them.  The  more  ordinary  terms,  carbonate  of 
zinc,  nitrate  of  silver,  &c.,  though  not  strictly  correct  in  point  of  form,  are  nevertheless 
convenient  in  the  case  of  metals  which,  like  zinc,  lead,  and  silver,  have  but  one  oxide 
which  forms  salts.  [W.] 
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diffused  through  water  in  such  quantity  as  to  form  a  semifluid  mixture, 
the  oxide  takes  up  4-585  per  cent,  of  carbonic  acid  and  8-347  water. 
(Wackenroder.) 

a.  Octobasic, — Obtained  by  boiling  octobasic  sulphate  of  zinc-oxide 
with  aqueous  carbonate  of  soda.  —  b.  Qtiadrobasic,  —  By  boiling  the 
quadrobasic  sulphate  with  carbonate  of  soda.  (Schindler.) 

a.  Schindler. 

8ZdO   88-94  88-92 

C0» 6-08  6-11 

2HO 4-98  4-97 


8ZnO,  CO*  +  2Aq 10000         10000 

b,  Schindler. 

4ZnO    160-8  ....  8008  80-00 

C05  22-0  ....  10-96  11-01 

2HO 18-0  ....  8-96  8-99 


4ZnO,CO>-h2Aq 200*8         ....       10000         10000 

c.  With  2  At.  add  to  5  At.  base.-— Thia  is  probably  the  composition 
of  Zinc-bloom. — 1.  Produced  when  zinc  covered  with  water  is  exposed  to 
the  air.  (Bonsdorff.) — 2.  When  a  zinc-salt  is  precipitated  by  monocar- 
bonate  of  ammonia,  potash  or  soda.  In  this  reaction,  carbonic  acid  is 
set  free;  and  if  the  solutions  are  cold,  a  quantity  of  zinc-oxide  is  dissolved 
by  it  in  the  form  of  acid  carbonate,  greater  in  proportion  to  the  quantity 
of  water  present;  on  boiling,  however,  the  carbonic  acid  is  evolved.  It 
is  difficult  to  obtain  the  precipitate  quite  free  from  alkali  and  from  the 
acid  of  the  zinc-salt  used. — a.  A  boiling  solution  of  zinc-sulphate  is  added 
to  boiling  carbonate  of  soda  (or  potash),  which  may  be  in  excess;  yiolent 
effervescence  ensues,  and  a  very  soft,  loose  powder  is  formed,  which 
resembles  magnesia  alba  when  dry,  and  is  free  from  alkaline  carbonate, 
if  the  boiline  be  continued  for  some  time  after  mixture.  (Schindler.) — 
b.  The  solution  of  1  At.  zinc-sulphate  and  1  At.  carbonate  of  soda  (or 
potash)  are  mixed  cold;  in  this  case,  the  translucent  jelly  which  separates 
at  first  is  soon  transformed,  with  evolution  of  carbonic  acid,  into  an  opaque 
powder.  If  the  carbonate  of  soda  is  in  excess,  a  portion  of  it  is  taken  up 
by  tlio  precipitate  and  cannot  be  removed  by  subsequent  boiling;  the 
jelly  is  then  stiffer,  but  does  not  become  pulverulent  even  after  standing 
for  weeks;  when  washed  and  dried,  it  forms  a  coherent  mass  which  adheres 
tenaciously  to  the  tongue.  (Schindler.) — c.  The  solution  of  zinc-sulphate  is 
mixed  with  sal-ammoniac,  and  carbonate  of  soda  added,  in  the  cold,  till  a 
glass  rod  moistened  with  hydrochloric  acid,  gives  white  fumes  when  held 
over  the  liquid.  The  precipitate,  after  being  washed  and  drie^  at  1 00^  in 
vacuo,  is  free  from  soda  and  sulphuric  acid.  (Berzelius,  Jahre^.  15,  130.) 
d.  Solution  of  zinc- sulphate  is  precipitated  in  the  cold  with  a  precisely 
equivalent  quantity  of  carbonate  of  ammonia.  The  precipitate,  which  is 
oryHtalline  at  first,  becomes  very  light  after  drying.  (Wackenroder.) — 
Solution  of  zinc-nitrate  is  precipitated  cold  by  an  exactly  equivalent 
quantity  of  carbonate  of  soda.  (Wackenroder.) — The  precipitate  obtained 
by  decomposing  zinc-salts  with  alkaline  carbonates  at  ordinary  tempera- 
tares,  is,  when  recently  precipitated,  much  lighter  than  that  obtaioed 
from  hot  solutions.  The  former  contains  originally  dicarbonate  of  zinc- 
oxido  together  with  a  largo  quantity  of  water,  but  loses  so  much  water 
and  carbonic  acid  in  drying,  that  it  becomes  identical  in  composition 
with  the  salt  precipitatea  from  hot  solutions.  (Wackenroder.) 


ZINC-CABBONATE. 
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White,  loofiely-coherent  powder,  reeembling  magnaia  alba.  DiBflolveB 
in  20G0--d000  parts  of  water  (in  44642  pta.  Fr€ientus\  but  separates 
from  the  solution  when  heated,  and  does  not  re-dissolve  on  cooling. 
(Schindler.)  According  to  Wohler  {Fogg*  28,  61 6),  this  salt  is  deposited 
in  small  shining  crystals  when  an  aqueous  solution  of  the  compound  of 
zinc-oxide  and  potash  is  exposed  to  tne  air. — Dissolves  readily  in  a  cold 
aqueous  solution  of  hydrochl orate  or  nitrate  of  ammonia  (Brett,  Wittstein), 
and  disengages  ammonia  when  heated  therewith.  (L.  Thompson.) 


Bonsdorff.    Schindler. 


5ZiiO....  201  ....    73*90 

2CO»....     44  ....     1617 

3HO  ....     27  ....      9  93 

NaO 

cos 


■••• 


0) 

71-25 
1419 
14-56 


(2,  a.) 
73-5 
14-6 
11-9 


Wacken- 
roder. 
(2,  a.) 
72*68 
12-74 
14-02 
0-28 
0-28 


Schindler. 
(2,  b.) 
72-22     . 
15-30    , 
12-48     . 


Waeken- 
roder. 

(2,  6.) 
...  72-87 
...  12-70 
...     13-93 

0*50 


272  ....  100-00 


100-00 


100-0 


10000 


10000 


10000 


ZnO 

CO* 

HO 

NaO 

SO» 


Berzelins. 
(2,  c.) 
73-35 
15-94 
10-71 


Wackeoroder. 
(2,  d.)  (2,  e.) 

73-23  ....  73-34 
12-80  ....  12-70 
13-79         ....         13-96 

trac0 
0-18 


Smithson. 

Zinc-iloom, 

71-4 

13-5 

151 


100-00 


10000 


100-00 


100-0 


Berzelius  and  Wackenroder  examined  the  salt  dried  at  100^;  with  respect 
to  the  other  analyses  no  such  particulars  are  stated.  According  to 
Berzelius,  the  salt  is  composed  of  5ZnO,  2C0*-f  3  Aq.=2(ZnO,  C0«) 
4-  3(ZtiO,  HO).  Schindler  prefers  the  formula :  SZnO,  3C0»-|-  6  Aq.  and 
Wackenroder  gives  the  preference  to  12ZnO,  4CO*  +  9  Aq.  The  analyses 
of  Smithson  and  Bonsdorff  give  nearly:  3ZnO,  C0*-f3  Aq. — IT  Lefort 
{J.  Fharm,  Srd  series,  11,  329)  gives  for  the  salt  obtained  by  precipitat- 
ing a  zinc-salt  with  carbonate  of  soda  or  potash  at  a  boiling  heat,  the 
formula:  8ZnO,  3CO'-|-6HO.  IT 

d.  Bibcuic. — Dicarbonate. — Formed  by  precipitating  a  solution  of 
zinc-sulphate  at  ordinary  temperatures  with  sesquicarbonate  of  soda, 
washing  the  precipitate  thoroughly,  and  drying  it  in  the  air. — Soft,  white 
powder.  (Boussingault,  jinn,  Chim.  Fhy%.  29,  284.)  By  precipitating 
from  hot  solutions,  the  salt  c  is  obtained.  (Schindler.) 


4ZnO 160-8 

2CO« 44-0 

3HO  27-0 


»•■• 


69-37 
18-98 
11-65 


Boussingault. 
70 
19 
11 


2(2ZdO,CO^  +  3Aq....     231-8 


2Zn0 

C0» 

2H0 


80-4 
22-0 
180 


100-00 


66-78 
18-27 
14-95 


100 

Schindler. 
67-43 
18  00 
14-57 


2ZnO,CO»  +  2Aq. 1204 


10000 


10000 


t,  Monocarbonate. — Found  in  nature  as  Zinc-spar  and  Calamine. 
Crystalline  system  the  rhombohedral :  Fig,\^\,  143,  145,  and  other 
forms;   r»  :  r*=107°40';   r' :  r  6<rAtnd=72^  20'.  (Wollaston.)     Cleavage 
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parallel  to  r.  Specific  gravity,  4*3765  (Karsten),  7*442  (Mobs).  Hard- 
ness equal  to  tliat  of  apatite.  White,  transparent.  Not  fusible  before 
the  blowpipe.  Turns  green  when  ignited  with  nitrate  of  cobalt.  Dis- 
solves in  acids  with  effervescence;  soluble  in  caustic  potash.  According 
to  Schindler,  this  salt  may  be  obtained  artificially,  containing,  however, 
a  small  quantity  of  water  (probably  from  admixture  of  salt^f):  1.  By 
precipitating  in  the  cold  a  solution  of  1  At.  zinc-sulphate  in  ten  times  its 
weight  of  water  with  a  solution  of  1  At.  bicarbonate  of  potash  or  soda. 
The  loose,  non-gelatinous  precipitate  is,  after  drying,  soft,  white,  and 
much  heavier  than  the  salt  c.  (Berzelius  obtained  by  this  process  the 
salt  c,  containing  73  per  cent,  of  zinc-oxide;  Lefort  obtained  by  the  same 
process,  a  salt  containing :  3ZnO,CO^+6HO), — 2.  The  aqueous  solution 
of  the  acid  salt  /,  when  left  to  evaporate  spontaneously,  deposits  the 
monocarbonate  in  the  form  of  a  granular  powder.  (Schindfer.) 

Smithson.  Schindler. 

Somenetsbire.    Derbyshire.  (1.)               (2.) 

ZnO 40-2     ....     64-63     ....     64-8     ....     6o-2     ....  63*05     ....     63*0 

CO»  22-0     ....     35-37     ....     35-2     ....     348     ....  33-53     ....     349 

Jtlv/ ••'.  ....  ....  >...  O  4«         ....  m    JL 

ZnO,C02     62-2     ....  lOO'OO    ....  1000     ....  lOO'O    ....  10000     ....  lOO'O 

IT  ManganiferouB  Zinc-spar,  The  following  varieties  of  zinc-spar 
from  Aachen  containing  manganese,  have  been  analyzed  by  Monheim. 
(Z.  <Cr  K,  Jakresh.  1848,  1225.)  a,  light-green,  rhombohedrous:  sp.  gr. 
=  4'03 ;  6,  dark  green :  sp.  gr.  =  3*98,  both  from  Herrenberg ; 
c,  yellowish  white  from  Altenberg:  sp.  gr.  4*20. 


a. 

h. 

c. 

ZiiO,C02 

85-78 

74-42 

84-92 

MnO,  C02 

7-62 

14-98 

6-80 

FeO,CO» 

2-24 

3-20 

1-68 

MgO,C02 

4-44 

3-88 

2-84 

CaO,C02 

0-98 

1-68 

1-58 

Si02  

009 

0-20 

HO    

trace 

0-66 

1-85 

Calamine   

101-15 

98-92 

■  t« 

99-57 

Ferruginous  Zinc-spar;  Kapnite  ?  Monheim  has  likewise  analyzed 
several  specimens  of  the  ferruginous  zinc-spar  from  Altenberg  described 
by  Breithaupt  as  a  new  mineral  species  under  the  name  of  Kapnite.  The 
proportion  of  iron  in  these  specimens  being  very  variable,  Monheim  does 
not  regard  the  mineral  as  a  distinct  species,  but  proposes  for  the  light- 
green  varieties,  rich  in  zinc,  the  name  of  Ferruginous  Zinc-spar,  and  for 
the  dark-green  varieties  and  those  which  turn  brown  by  oxidation  of  the 
iron,  the  term  Zincironspar:  (a)  sp.  gr.=:4-09;  (6)  sp.  gr.  =  4-15; 
(c)  sp.  gr.=4-00;  {d)  sp.  gr.  =  4-04-  (<?)  sp.  gr.=4-00;  (/)  sp.  gr.  not 
determined. 


a. 

I. 

c. 

d. 

e. 

/. 

ZnO,C03 

..     71-08 

60-35 

f  ■•• 

58-52 

•  •  ■  • 

55-89 

40-43     .... 

28-00 

FeO,CO«  

..     23-98 

32-21 

•  ••  • 

35-41 

•  ■  •• 

36-46 

53-24     .... 

6700 

MnO,C02 

2-58 

4-02 

•  ••• 

3-24 

■  ••c 

3-47 

2-18 

CaO,CO« 

2-54 

1-90 

•  •«• 

3-67 

•  *  •• 

2-27 

509     .... 

5-00 

MgO,C0« 

014 

Calamine   

2-49 

•  ti« 

0-48 

•  !•• 

041 

100-18     ....  101-11     ....  101-32     ....     98-50     ....  100-94     ....  lOO'OO 

If. 
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/.  Aci4'8alt.  Metallic  zinc,  the  bydrated  oxide,  and  the  carbonates 
a  .  .  ,  e  are  easily  soluble  in  excess  of  aqueous  carbonic  acid.  {Ccmp. 
Jahn,  Ann,  Pkxirm.  28,  I  ID.) 


Zinc  ai«d  Boron. 

Borate  of  Zinc-oxide.— Precipitated  on  mixing  an  aqueous  solution 
of  zinc-sulphate  with  borax.  White  powder,  insoluble  in  water,  but 
soluble  in  aqueous  boracio  acid.  Turns  yellow  in  the  fire,  and  is  con- 
verted into  a  solid,  compact,  opaque  slag.  (Wenzel;  comp,  Tannermann, 
JSiOitn.  Arch.  20,  14.) 

Zinc  and  Phosphorus. 

A.  Phosphide  of  Zinc. — a.  When  pieces  of  phosphorus  are  thrown 
npon  melted  zinc,  a  lead-grey  mass  is  obtained,  having  the  metallic 
lustre,  somewhat  ductile,  smelling  like  phosphorus  when  hammered,  and 
burning  like  zinc  when  heated.  (Pelletier;  comp.  Landgrebe,  Schw,  53, 
460). — b.  The  silver- white  substance  with  conchoidal  fracture  which 
sublimes  on  igniting  6  parts  of  zinc  with  6  phosphorus  and  1  charcoal,  or 
2  zinc  with  1  phosphorus  in  a  glass  retort,  appears  to  be  richer  in 
phosphorus  than  the  last. — e.  When  phosphuretted  hydrogen  gas  is  passed 
over  gently  heated  chloride  of  zinc — ^whereupon  hydrochloric  acid  gas  is 
slowly  evolved — and  the  mass  afterwards  digested  in  water,  phosphide  of 
zinc  remains  in  blackish  particles,  which  exhibit  the  metallic  lustre,  emit 
a  phosphorus  flame  when  heated  on  charcoal  before  the  blowpipe,  and  are 
perfectly  insoluble  in  hydrochloric  acid.  (H.  Rose,  Pogsf*  24,  235.) 

B.  Hypophosphite  of  Zinc-oxide. — The  solution  of  zinc  in  heated 
aqueous  hypophosphorous  acid,  yields  by  evaporation  in  vacuo,  indistinct 
crystals,  which,  when  heated  to  redness  in  a  retort,  swell  up  strongly, 
^ve  off  non-spontaneously  inflammable  phosphuretted  hydrogen,  and 
leave  a  residue  soluble  in  hydrochloric  acid.  (H.  Rose,  Fogg.  11,  92.) 

C.  Phosphite  of  Zinc-oxidb. — Perchloride  of  phosphorus  dissolved 
in  water  and  neutralized  by  ammonia,  precipitates  a  small  quantity  of 
this  salt  from  a  solution  of  zinc-sulphate,  the  rest  remaining  in  solution, 
and  separating  when  the  liquid  is  boiled.  The  salt,  when  heated,  swells 
up  strongly,  and  gives  off  hydrogen  gas,  mixed,  especially  towards  the 
end  of  the  reaction,  with  phosphuretted  hydrogen.  100  parts  of  the 
salt  dried  in  vacuo  leave,  on  ignition,  79'43  parts  of  residue  containing 
53*38  per  cent,  of  zinc-oxide,  and  46'62  phosphoric  acid.  100  parts 
of  the  dried  salt  oxidated  by  nitric  acid  and  ignited,  yield  81 '4  parts  of 
diphosphate  of  zinc-oxide.  The  salt  dissolves  with  difficulty  in  water. 
(H.  Rose,  Fosfg,  9,  29.) 

H.  Rose. 

2ZnO 80-4       ....       42*36        ....        43-14 

PO» 56-4       ....       2919        ....        29-69 

6HO 54-0      ....       28-45        ....         27*17 

2ZiiO,PO>  +  6Aq 1898       ....     100-00         ....       10000 

D.  Ordinary  Phosphate  op  Zinc-oxide  or  Zinc-phosphate. — 
a.  Triphosphate, — Precipitated  on  mixing  a  solution  of  a  zinc-salt  with 
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diphos^liatd  bf  ammonia,  potash,  or  soda,  the  supernatant  liquid  becoming 
acid.  (Mitscberlich.)  Wnen  dilute  solutions  of  sulphate  of  zinc-oxide 
and  diphosphate  of  soda  are  mixed  in  the  cold,  a  translucent  jellj  is  at 
first  produced;  this,  however,  soon  becomes  opaque  and  aggregates  into  a 
fine  white  crystalline  powder.  If  the  solutions  are  mixed  boiling  hot, 
no  jelly  is  produced,  but  the  pulverulent  precipitate  is  formed  at  once  and 
has  the  same  composition.  (Schindler.)  The  same  compound  is  doubtless 
formed  on  digesting  carbonate  of  zinc-oxide  with  aqueous  phosphoric 
acid  not  in  excess.  White,  crystalline,  tasteless  powder.  Fuses  easily; 
forming  a  transparent  and  colourless  glass.  Insoluble  in  water;  soluble 
in  acidLs;  likewise  in  ammonia  and  in  carbonate,  sulphate,  hydrochlorate, 
and  nitiute  of  ammonia — ^iu  the  last  three,  however,  with  slight  turbidity. 


Anhydrous, 

3ZnO ;...     120-6    ....     62-81 

cPO» 71-4     ....    3719 


Hydraied.  Schindler. 

3ZnO 120-6     ....     5743  ....     5746 

cPO« 71*4     ....     3400  ....     33-86 

2HO 180     ....       «-57  ....       8-82 


ftZnO.cPO*      1920 


10000 


+  2Aq 210-0     ....  100-00     ....  10014 


h.  Diphosphate.     On  mixing  a  solution  of  3  parts  of  zinc-sulphate 
in  32  parts  of  hot  water,  with  a  solution  of  4  parts  of  crystallized  diphos- 

{>hate  of  soda  in  32  parts  of  hot  water,  this  salt  is  deposited  in  shining 
amino).  (Graham.)  In  this  case,  the  zinc-sulphate  is  in  excess;  in  the 
preparation  of  salt  <r,  it  appears  to  be  necessary  that  the  phosphate  of 
soda  be  in  excess.  The  crystals  do  not  lose  water  at  100^;  but  at  a 
temperature  below  the  melting>point  of  tin,  they  give  off  2  At.  water, 
retaining  their  lustre;  at  a  red  heat  they  fuse  and  give  off  3  At  water. 
(Qraham,  Ann.  Fharm.  29,  28.) 


Dried. 

CrysittUized. 

2ZnO 

80-4    ....     500 

2ZiiO 

80-4     ....     44-97 

cPO»    

71-4     ....     44-4 

cPO* 

71-4     ....     39-93 

HO 

......M..          9*0     ....        5-0 

3HO 

270     ....     1510 

2Z11O,  HO>cPO» 160-8 


1000 


+  2Aq 178-8 


100*00 


c  Acid  Phosphate.  By  dissolving  zino^  or  the  carbonate  or  phosphate 
of  zinc-oxide  in  excess  of  acid  and  evaporating.  Gummy  mass  which 
fuses  in  the  fire  to  a  transparent  glass.  ^Vhen  a  small  quantity  of  alkali 
is  added  to  its  aqueous  solution,  the  salt  a  is  deposited.  (Wenzel.) 

E,  Pyrophosphate  of  Zinc-oxtde. — By  precipitating  a  zinc-salt  with 
pyrophosphate  of  soda.  The  precipitate  is  decomposed  by  boiling  with 
ordinary  phosphate  of  soda,  yielding  ordinary  phosphate  of  zinc-oxide 
and  pyrophosphate  of  soda.  (Stromeyer,  Schw.  58,  129.)  T  The  salt 
precipitated  as  above  forms  a  white  bulky  mass,  which  in  drying  shrinks 
up  like  hydrate  of  alumina.  If  it  be  suspended  in  water,  an^  sulphurous 
add  gas  passed  through  the  liquid,  the  whole  dissolves,  and  the  solution, 
when  boiled,  yields  the  salt  in  the  form  of  a  heavy,  white,  beautifully 
cnrstalline  powder  consisting  of  2(2Zn0.ftPO*)-h3Aq.  Both  the  amor- 
phous and  the  crystalline  salt  dissolve  in  acids  and  in  caustic  potash; 
ammonia  likewise  dissolves  the  salt,  and  alcohol  added  to  the  solution 
throws  down  a  syrupy  mass.  (Schwarzenberg,  Ann.  Pharm,  65,  151.)  T 

Hetaphosphatb  op  Zixc-oxiDE.— Formed  by  burning  hvposulpho- 
phosphate  of  nnc.     Transparent  glass,  soluble  in  water.  (Berzelius.) 
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Zinc  akd  ScrLPHim. 

A.  SiTLPHiDB  OF  Zinc,  or  Zinc-Sulphide.— Foand  in  nature  wb  Blende^ 
freqaenilj  containing  sulphide  of  iron  and  sulphide  of  cadmium. 
Noggerath  and  Bischof  (Sckw,  65,  245)  found  in  an  old  mine  a  quantity 
of  sino-sulpbide  mixed  with  washings  of  the  ore,  forming  a  deposit  some 
inches  in  thickness  on  the  wood- work;  it  had  probably  been  formed  by 
the  reducing  action  of  the  wood  upon  sulphate  of  zinc-oxide.    Formation. 

1.  When  sulphur  vapour  is  passed  over  red-hot  sine,  a  small  quantity 
of  white  sulphide  is  produced.  (J.  Davy.)  When  sine-filings  are  heated 
with  sulphur,  the  sulphur  volatilizes  before  combination  takes  place. 
The  sulphide  of  zinc,  which  has  a  very  high  melting  points  envelops  the 
zinc   in   the  form   of  a  solid  crust;  hence  the  imperfect  combination. 

2.  When  zinc  is  heated  with  cinnabar  (the  heat  must  be  very  strong  towards 
the  end  of  the  process)  decomposition  takes  place,  with  explosion,  the 
sulphur  combining  with  the  zinc  and  the  mercury  volatilizing.  Zinc* 
filings  mixed  with  pentasulphide  of  potassium  withdraw  the  sulphur  from 
that  compound,  and  with  explosive  combustion  if  heat  be  applied. 
(Berzelius.) — 3.  According  to  Dehne,  oxide  of  zinc,  heated  with  sulphur, 
yields  a  sulphide  of  zinc  which  might  easily  be  mistaken  for  blende. 
(Despretz,  Ann,  Chim.  Phys,  33, 168.) — 4.  By  heating  anhydrous  sulphate 
of  zinc-oxide  with  sulphur.  (Vauquelin.)  The  mixture  is  heated  in  an 
earthen  retort,  first  to  dull  redness,  then  more  strongly;  the  sulphide 
of  zinc  produced  is  mixed  with  more  or  less  unclecomposed  sulphate, 
which  may  be  extracted  by  water,  or  completely  converted  into  sulphide 
by  again  igniting  the  mixture  with  sulphur.  (Gay-Lussac.) — 5.  Anhy- 
drous sulphate  of  zinc-oxide  is  ignited  with  charcoal  or  in  a  charcoal 
crucible;  if,  however,  a  very  strong  white  heat  be  applied,  very  little 
remains  in  the  crucible.  ( Berth ier.)  When  100  parts  of  the  dry  salt 
are  ignited  in  a  charcoal  crucible  with  15  parts  of  charcoal,  part  of  the 
sulphuric  acid  escapes  in  the  form  of  sulphurous  acid  before  the  charcoal 
begins  to  act  strongly,  and  consequently  there  is  formed  a  mixture  of 
sulphide  and  oxide  of  zinc,  the  latter  of  which  may  be  extracted  by 
dilute  hydrochloric  acid.  If  a  strong  white  heat  be  applied,  the  residue 
amounts  to  only  15  per  cent.  (Berthier,  Ann,  Chim,  Pkys,  33,  168.)  The 
niore  quickly  the  heat  is  raised  to  whiteness,  the  smaller  is  the  quantity 
of  oxide  mixed  with  the  sulphide.  (Gay-Lussac.) — 6.  The  precipitate 
formed  by  hydrosulphuric  acid  iu  a  solution  of  a  zinc-salt  is  ignited  in  a 
stream  of  hydrosulphuric  acid  gas.  (Berzelius.) 

The  native  sulphide  belongs  to  the  regular  system:  Fig,  2,  5,  4,  6,  S, 
13,  14,  and  other  forms.  Cleavage  easy  parallel  to  d.  Harder  than 
calcspar.  Sp.  gr.  3*9 — 407.  Transparent,  pale  yellow.  The  presence 
of  other  metallic  sulphides  gives  it  a  red,  brown,  black,  or  green  colour. 
The  artificial  sulphide  is  a  white  or  yellowish,  loosely-coherent  mass. 
Sp.  gr.  3 '9235.  (Karsten.)  When  prepared  by  (5)  it  is  pulverulent  and 
as  white  as  the  oxide.  (Berthier.)  Fnses  only  at  very  high  tempera- 
tures :  not  volatile  at  a  white  heat. 


Zn 

S   

....      32-2    ....    66-8 
160    ....    33-2 

•  lit 

AHVedsoB. 

66-34 
33-66 

•  ••• 

Thomson. 

6/19 
32-81 

.... 

ProQst. 
85 
15 

ZnS 

....      48-2     ....  100-0 

•  •*• 

100-00 

•  ••• 

100  00 

.... 

100 

c2 


20  ZINC* 

When  mixed  with  charcoal  and  raised  to  an  intense  white  heat, 
it  Yolatilizea,  doubtless  in  the  fom  of  sulphide  of  carbon  and  metallic 
zinc.  (Berthier.)  When  heated  in  the  air,  it  oxidates  but  elowlv, 
evolving  sulphurous  acid  and  forming  oxide  and  sulphate.  Completely 
oxidized  by  fusion  with  nitre.  Decomposed  for  the  most  part  by  evapo- 
ration with  oil  of  vitriol.  Dissolves  in  nitric  acid,  with  evolution  of 
nitrous  gas  and  separation  of  sulphur,  and  in  hot  strong  hydrochloric 
acid,  with  evolution  of  sulphuretted  hydrogen.  Decomposes  vapour  of 
water  slowly  at  a  red  heat,  more  abundantly  at  a  white  heat,  oxide  of 
zinc  being  formed  and  sublimed.  (Regnault,  Ann.  Chim.  Phys.  62,  380.) 
When  it  is  heated  to  redness  with  carbonate  of  soda,  in  equal  numbers 
of  atoms,  the  mass  fuses  and  boils,  and  yields  a  yellowish  white  mixture 
of  sulphide  of  sodium,  oxide  of  zinc,  and  undecomposed  sulphide  of  zinc. 
(Berthier,  Ann,  Chim.  Phys.  33,  167.)  [For  its  decomposition  with 
oxide  of  lead,  see  Oxide  of  Lead!] 

Hydrated  Sulphide  of  Zinc,  or  EydrosulphcUe  of  Zinc-oxide.— The 
white  pulverulent  precipitate  which   hydrosulphuric  acid  and  alkaline 
hydrosulphates  produce  with  zinc-salts.     On  passing  hydrosulphuric  gas 
very  slowly  through  a  solution  of  zinc-sulphate  from  which  part  of  the 
zinc  has  been  already  precipitated  by  that  gas,  the  sulphide  is  obtained, 
partly  in  the  form  of  a  dense  mass,  partly  in  rhombic  laminze  attached 
thereto;   these  crystals  are  yellowish,    not  hard,   and   easily   cloven. 
(Schindler.)     When  hydrochlorate  of  zinc-oxide  mixed  with  excess  of 
acid  is  precipitated  by  sulphuretted  hydrogen,  the  precipitate  contains 
sulphide  of  zinc  in  combination  with  chloride.  (Reinsch,  Repert.  56,  190.) 
— The  white  compound  is   converted  by  ignition  into  the   yellowish 
anhydrous  sulphide.     The  sulphide  thus  formed  is  mixed,  however,  with 
a  small  portion  of  oxide,  inasmuch  as  hydrosulphuric  acid  gas  is  evolved 
during  ignition.  (Schindler.) — Hydrated   zinc-sulphide   dissolves   more 
readily  in  nitric  or  hydrochloric  acid  than  the  anhydrous  sulphide;  dis- 
solving, in  fact,  without  the  application  of  heat :  it  is  also  slightly  soluble 
in  a  large  excess  of  acetic  acid.  (Wackenroder,  N.  Br.  Arch.  16,  133.) 
While   yet  moist,   it  likewise   dissolves  in    aqueous   sulphurous   acid. 
(Berthier.) 

Schindler.  Geiger  &  Reimann. 

Zn 32-2     ....     56-30        ...        570  ....  59*8 

S  16.0     ....     27-97        ....        27-9  ....  29*5 

HO  90    ....     15-73        ....         15-1  ....  107 

Zn8,HO  ....    57-2     ....  10000        Z       1000  Z  1000 

The  compound  examined  by  Schindler  was  dried  at  37*5^;  that 
examined  by  Geiger  &  Reimann  {Mag.  Pharm.  18,  25),  at  100**.  Ac- 
cording to  Schindler,  it  loses  half  its  water  at  100^,  but  recovers  it  on 
exposure  to  the  air. 

B.  OxY-suLPHiDE  OP  ZiNC. — ^Wheu  hydrogen  gas  is  passed  over  100 
parts  of  anhydrous  sulphate  of  zinc-oxide  ignited  in  a  glass  tube,  the  salt 
19  quickly  reduced,  with  formation  of  sulphurous  acid  and  water;  shortly 
before  the  end  of  the  reduction,  the  mass  exhibits  a  swelling  movement 
and  a  glimmering  light,  and  a  small  quantity  of  metallic  zinc  sublimes. 
The  residue  consists  of  56  or  58  parts  of  a  straw-yellow  powder,  contain- 
ing rather  more  than  1  At.  sulphide  of  zinc  to  1  At.  oxide.  •  This  com- 
pound, when  ignited  in  a  stream  of  sulphuretted  hydrogen,  is  converted 
into  zinc-sulphide  and  water;  hydrochloric  acid  dissolves  it,  with  evolu- 
tion of  sulphuretted  hydrogen.  (Arfvedson,  Pogg.  1,  59.) 
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Under  this  head  may  likewise  he  included  the  following  compounds, 
which  however  contain  a  larger  quantity  of  sulphide :  a.  VoTzite.  Wartj 
masses  formed  of  concentric  shells;  of  specific  gravity  3*66;  pale  rose-red 
or  yellowish;  slightly  translucent.  Contains:  zinc-sulphide  82*82, — 
zinc- oxide  15-34, — ferric-oxide  1-84.  (Fournet,  Po^g.  31,  62.) — b.  Fur- 
nace-ealamine  from  a  Freiberg  furnace.  Hollow  six-sided  prisms  or 
laminar  masses;  yellow,  or,  if  they  contain  sulphide  of  iron  or  other 
metallic  sulphides,  hrown  and  hlaok.  Contains  4  At.  sulphide  of  zinc  to 
1  At.  oxide.  Gives  up  the  latter  to  boiling  acetic  acid.  (Karsten,  Schw, 
57,  186.) 

C.  Htposulphitb  of  Zinc-oxide. — Formed  by  digesting  aqueous 
sulphite  of  zinc-oxide  with  sulphur  in  close  vessels. — 2.  By  precipitating 
hyposulphite  of  baryta  with  sulphate  of  zinc-oxide,  and  filtering.  (Ram- 
melsberg.) — 3.  By  passing  sulphurous  acid  gas  through  water  in  which 
freshly  precipitated  hydrate  of  zinc-sulphide  is  diffused:  solution  takes 
place  with  difficulty  and  is  attended  with  deposition  of  sulphur.  (Rani- 
melsbei^  Pogg.  8,  442.)— 4.  By  dissolving  zinc  in  aqueous  sulphurous 
acid.  The  products  are  sulphite  of  zinc-oxide  which  crystallizes  out, 
and  hyposulphite  which  remains  in  solution.  (Mitscherlich,  Pogg,  8,  442.) 

2Zn  +  3S0»  =  ZnO,  SO^  +  ZaO,  8«0». 

If  the  sulphurous  acid  becomes  very  hot  by  acting  on  the  zinc,  sulphu- 
retted hydrogen  is  evolved,  and  a  portion  of  the  zinc  is  thereby  re-pre- 
cipitated. (Berzelins;  comp,  Koene,  Pogg.  63,  245.) — The  crystals  which 
Fourcroy  k  Vauquelin  (Fourcroy,  SyUeme  5, 380)  obtained  by  dissolving 
zinc  ia  sulphurous  acid  appear  to  have  been  sulphite  of  zinc-oxide  with  a 
portion  of  hyposulphite  adhering  to  it  in  the  mother-liquid.  According 
to  Wohler  {Jakretber,  15,  155),  zinc,  when  digested  with  a  saturated 
aqueous  solution  of  sulphurous  acid,  forms  sulphide  of  zinc  and  sulphate 
of  zinc-oxide. — The  salt  is  so  easily  decomposible  that  it  cannot  be 
obtained  in  the  solid  state.  If  the  colourless  and  inodorous  solution, 
which  is  not  precipitated  by  alcohol,  be  evaporated  at  ordinary  tempera- 
tures either  in  the  air  or  in  vacuo,  white  sulphide  of  zinc  is  precipitated 
at  a  certain  degree  of  concentration,  and  trithionate  of  zinc-oxide  remains 
in  solution.  (Fordos  &  Gelis,  CompL  rend.  16,   1070;  also  J.  pr.  Chem. 

29,  228): 

2(ZnO,  8  W)  =  ZiiS  +  ZnO,S^0». 

According  to  Rammelsberg,  sulphur  is  precipitated  under  these  circum- 
stances^ and  a  solution  of  zinc-sulphate  formed. 

D.  Tbtrathionate  op  Zinc-oxidb.— Soluble.  (Fordos  &  G^lis.) 

E.  Trithionate  op  Zinc-oxide.— Remains  dissolved  when  a  solution 
of  the  hyposulphite  is  evaporated.  Decomposed  by  the  slightest  rise  of 
temperature  in  the  liquid;  so  that  when  aqueous  hyposulphite  of  zinc- 
oxide  is  evaporated  to  dryness,  sulphurous  acid  is  evolved  and  there 
remains  a  mixture  of  sulphide  of  zinc,  sulphur,  and  sulphate  of  zinc-oxide. 
(Fordos  &  G^lis.) 

F.  Sulphite  op  Zinc-oxide  or  Zinc-sulphite.— Oxide  of  zinc 
dissolves  in  sulphurous  acid  with  evolution   of  heat,  ,^;,^.  ^'^^^^^^^^^^ 
crystals  having  a  pungent,  styptic  taste;  they  are  ^^^sj^^^^^^^^^^ 
water,  but  not  in  alcohoL  (Fourcray  &  Vauquelin.)     The  solution  when 
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evaporated  yields  pearly  scales.  (A,  Vogel^  J,  jor,  Ckem.  29,  280.) 
When  boiled  it  deposits  a  basic  salt,  the  solubility  of  which  diminishes 
as  the  boiling  is  continued.  (Berthier,  N.  Ann,  Chim.  Phys^  7,  82.)  The 
crystals  consist  of  ZnO,SO^  +  2Aq.  (Fordos  &  Gelis.)  According  to 
Bottinger  {Ann.  Fharm.  51,  405),  ignited  zinc-oxide  dissolves  with 
difficulty  in  sulphurous  acid^  and  the  oxide  is  deposited  on  boiling. 

G.  Htposulphatb  of  ZiKC-oxiDS.-»Formed  by  precipitating  hypo- 
sulphate  of  baryta  with  an  equivalent  quantity  of  sino-sulphate,  then 
filtering  and  evaporating.  Indistinct  crystals,  having  a  very  rough 
taste,  permanent  in  the  air,  leaving  48-42  per  cent,  of  zinc-sulphate  when 
ignited,  very  easily  soluble  in  water,  and  converted  into  sulphate  when 
the  solution  is  boiled. 

CrytidUixed.  Heeren. 

ZnO 40-2       ....       24-19         24-25 

S^O* 72-0      ....       43-38        43-51 

6HO 54-0      ....       32-49        3224 


ZnO,S«0»  +  6Aq 1662 


10000 


10000 


H.  Sulphate  op  Zin(m>xii>b  or  ZiKC-suLPnATS. — Sulphate  of  £ine, 
a.  Octobasic. — Precipitated  on  adding  water  to  a  concentrated  solution 
of  the  bibasic  sulphate.  Veiy  light  precipitate,  loosely  coherent  after 
drying.  When  dry,  it  does  not  absorb  carbonic  acid.  When  kept  for  a 
long  time  under  a  solution  of  monosulphate  of  zinc-oxide,  it  is  converted 
into  the  quadrobasic  salt.  Resolved  by  gentle  ignition  into  a  mixture  of 
aino-oxide  and  monosulphate  of  zinc-oxide,  which  may  be  extracted  by 
water.     Not  soluble  in  water.  (Schindler,  Mag.  Fharm,  31,  181.) 


8ZnO    321-6 

S0»  40-0 

2H0 18-0 


Schindler. 

84-72 

•••• 

84-8 

10-54 

•  ■•• 

10-6 

4-74 

•  ■  >  ■ 

4-6 

8ZnO,SO'  +  2Aq 379*6 


10000 


100-0 


h.  Sexhasic— When  NH»-|-ZnO,SO»  is  treated  ^ith  water,  this  salt 
is  left  undissolved  in  the  form  of  a  white  powder,  which,  when  heated, 
gives  off  24*12  per  cent,  of  water  and  afterwards  absorbs  8*4  per  cent, 
from  the  air.  (Kane,  Ann,  Chim.  Phys,  72,  310.) 


6ZnO  

S0» 

Ankydroui, 
241-2     ....     85-77 
40-0    ....     14-23 

6ZnO 

S0>    

lOHO    .... 

Hydrated, 
241-2     ....     64-98 
400     ....     10-78 
900     ....     24-24 

Kane. 

....     64-22 
....     10-96 
....     24-82 

6ZiiO,S03 

281-2     ....  10000 

+  lOAq 

371-2     ....  10000 

....  100-00 

c.  Quadrobasic'^l,  Formed  by  heating  zinc-vitriol  till  it  is  partially 
decomposed,  and  boiling  the  residue  with  water. — 2.  By  boiling  the 
aqueous  solution  of  zino-vitriol  with  metallic  zinc  or  zinc-oxide. — 3.  By 
precipitating  zino-vitriol  with  an  insufficient  quantity  of  potash,  washing 
the  loosely-coherent  precipitate,  and  dissolving  it  in  boiling  water.  In 
all  three  cases,  the  solution  must  be  filtered  hot,  and  then  the  salt  will 
separate  as  it  cools.  (A.  Vogel.)  The  second  method  is  the  surest;  in 
applying  the  third  method,  only  a  small  quantity  of  potash  roust  be  used;- 
a  larger  quantity  throws  down  a  more  basic  salt.  (Kiihn,  Schw.  60,  337.) 
This  salt  likewise  crystallizes  out,  when  a  solution  of  zinc-vitriol  is 
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33. 


ptooed  for  some  time  in  contact  with  metallic  ziooi  or  when  a  solation  of 
the  bibasic  sulphate  is  left  to  evaporate  slowly  in  a  glass  with  a  narrow 
mouth.  (Schindler.)  White,  shining,  opaque  scales  (A.  Yogel);  long, 
soft,  flexible,  transparent,  four-sided  needles,  bevelled  at  the  extremities 
like  those  of  zinc-vitriol  (Schindler.)  When  slowly  dried  it  presents 
the  appearance  of  a  soft  powder,  greasy  to  the  touch, — ^but  when  quickly 
dried  in  considerable  quantities,  it  forms  a  somewhat  tenacious,  unctuous 
mass,  having  a  dull  and  somewhat  conchoidal  fracture.  (Kiihn.)  Crystals 
of  this  salt  which  have  been  dried  in  the  air  give  up  24  7  per  cent. 
(8  atoms)  of  water  between  lOO""  and  125",  without  melting  or  falling  to 
pieces,  while  2  atoms  remain.  At  a  low  red  heat,  the  salt  is  resolved 
into  oxide  of  zinc  and  the  monosulpbate,  the  latter  of  which  mi^y  be 
dissolved  out  by  water.  (Schindler.)  Scarcely  soluble  in  water  either 
cold  or  hot^  but  dissolves  in  a  boiling  solution  of  zinc-vitriol.  (Kiihn.) 


At. 

ZnO 4 

S0» 1 

HO 2 

At. 

ZnO 4 

803 1 

HO 8 


a. 


160-8 
40-0 
18*0 


73-49 

18-29 

8-22 


At. 
4 
1 
4 


b. 


160-8 
400 
36-0 


67-91 
16-89 
15*20 


218-8     ....  lOOOQ 


160-8 
40-0 
72-0 


58-95 
14-66 
26-39 


At. 

4 

1 
10 


236-8 


160-8 
400 
900 


d. 


10000 


Q5-29 
13-76 
30-95 


272-8 


100-00 


290-8 


100-00 


According  to  Schindler,  a  is  the  salt  dried  above  100^;  and  d  is  the 
salt  dried  at  ordinary  temperatures j  according  to  Kiihn,  6  is  the  salt 
dried  somewhat  above  100^,  and  c  is  the  salt  dried  at  ordinary  tempera* 
tures ;  according  to  Graham  {Ann.  Fharm.  29,  29),  the  salt  has  the 
composition  6. 

d,  Bibasie  Sali, — Duu^>h<Ue. — Obtained  in  solution :  1.  Bjr  leaving  a 
concentrated  solution  of  zinc-vitriol  for  a  considerable  time  in  contact 
with  metallic  zinc  or  zinc-oxide. — 2.  By  precipitating  the  oxide  from  one 
half  of  a  concentrated  solution  of  zinc-vitriol,  and  adding  the  precipitate 
to  the  other  half.  The  solution  3rields  small  crystals  on  evaporation;  it 
is  decomposed  by  rapid  boiling,  by  slow  evaporation,  or  by  dilution  with 
a  lar^  quantity  of  water,  the  salt  c  being  deposited.  It  is  precipitated 
by  tmcture  of  galls.  Zinc-vitriol,  when  mixed  with  this  salt,  loses  it| 
tendency  to  crystallize.  (Schindler.) 

e,  Monosidpkaie, — Zinc-vitriol,  White  Vitriol,  Qallitzenstein,  Vitriolum 
album  t.  Zinci, — Zinc  dissolves  in  heated  oil  of  vitriol  with  evolution  of 
sulphurous  acid,  and  in  dilute  sulphuric  acid,  at  ordinary  temperatures, 
with  evolution  of  hydrogen.  Not  only  does  pure  zinc  dissolve  more 
slowly  than  impure  zinc,  but  according  to  Barrat  (J.  Ckim,  Med.  17,  G55), 
the  state  of  aggregation  has  an  influence  on  the  rate  of  solution.  Zinc 
which  dissolves  with  difficulty,  ceases  altogether  to  evolve  gas  if  it  be 

franulated  by  pouring  it  into  water  while  in  the  fused  state;  but  if  it 
e  then  fused  again,  and  cast  in  plates,  it  will  vield  a  considerable 
quantity  of  gas. — 1  part  of  oil  of  vitriol  diluted  with  80  parts  of  water, 
dissolves  less  zinc  when  1  part  of  nitric  acid  is  added  to  it  than  it  would 
without  that  addition  (Bigeon);  according  to  Dobereiner  {J.  pr,  Chem,  1, 
450),  the  cause  of  this  diflerence  is,  that  in  the  latter  case,  ammonia  is 
formed,  and  saturates  part  of  the  sulphuric  acid;  hydrogen  is,  bqweypr, 
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always  evolved,  but  if  a  large  quantity  of  nitric  acid  be  added,  nitric 
oxide  gas  is  likewise  given  off.  Oxide  of  zinc  combines  witb  oil  vitriol, 
producing  great  development  of  heat.  (Cadet,  Taschenb,  1782,  26.) 

The  salt  is  prepared  on  the  large  scale  by  roasting  ores  containing 
Biilpliida  of  zinc,  afterwards  exhausting  them  with  water,  and  evaporating 
the  solution  to  the  crystallizing  point.     By  fusion  in  its  own  water  of  crys- 
tallization, stirring  in  wooden  troughs  with  wooden  shovels  till  crystal- 
lization takes  place,  and  subsequent  pressing  in  boxes,  commercial  zinc- 
vitriol  is  made  to  assume  the  appearance  of  loaf-sugar.    It  is  contaminated 
with  the  substances  mentioned  on  page  6,  and  may  be  purified  from  all  of 
them,  excepting  sulphate  of  magnesia,  by  the  methods  detailed  on  pages 
6  and  7.      The  zinc-vitriol  of  Goslar  contains:  ZnO,  15*00;  MgO,  5*10; 
MnO,  3-24;  FeO,  030;   S0»,  2904;   Aq.  4700  (loss  0-32.)   (Wittstein 
Repei^t  55,  193.)      On  the  small  scale,  zinc-vitriol  is  obtained  by  dis- 
solving zinc  in  dilute  sulphuric  acid.     [For  the  purification,  vid.  pp. 
6 — 8.1     The  crystals,  when  heated  somewhat  below  redness,  yield  the 
anhydfrous  salt,  which  is  white,  friable,  of  specific  gravity  3*40  (Karsten), 
and  has  a  styptic  and  slightly  acid  taste.     When  ignited  alone,  it  gives 
off  anhydrous  sulphuric  acid,  sulphurous  acid,  and  oxygen  gas,  and  is 
converted,  first  into  salt  c,  and  afterwards  at  incipient  whiteness,  into 
pure  zinc-oxide.     When  heated  to  low  redness  with  excess  of  charcoal, 
it  gives  off  sulphurous  acid  and  carbonic  acid  gases  in  the  proportion  of 
2  vol.  SO'  to  1  vol.  CO',  and  leaves  zinc-oxide  mixed  with  charcoal  and 
traces  of  metallic  zinc  and  zinc-sulphide,  from  which,  at  higher  tem- 
peratures, zinc  is  reduced.     If,  on  the  contrary,  the  mixture  be  quickly 
heated  to  whiteness  in  a  porcelain  retort,  it  evolves  at  first  nothing  but 
sulphurous  acid  gas;  but  as  soon  as  the  heat  becomes  strong,  the  gas 
evolved  consists  wholly  of  carbonic  oxide,  with  a  small  portion  of  carbonic 
acid,  and  the  residue  consists  of  sulphide  of  zinc.  (Gay-Lussac,  Ann, 
Chim,  Fkys.  63,  432;  also  J.  pr.  Chem,  11,  Q5.)     Hydrogen  gas  converts 
the  salt  at  a  red  heat  into  oxysulphide  of  zinc.  (Arfvedson.)     The  salt, 
when  mixed  with  sulphur  and  heated  in  an  earthen  retort,  first  to  low 
and  afterwards  to  bright  redness,  gives  off  a  large  quantity  of  sulphurous 
acid  gas,  and  leaves  sulphide  of  zinc  still  mixed  with  a  small  quantity  of 
sulphate.  (Vauquelin,  Gay-Lussac.)  The  salt,  when  mixed  with  an  aqueous 
solution  of  sal-ammoniac,  is  converted  into  sulphate  of  zinc-oxide  and 
ammonia,  and  hydrochlorate  of  zinc-oxide;  and  with  solution  of  nitre,  into 
sulphate  of  zinc-oxide  and  potash  and  nitrate  of  zinc-oxide.  (Kareten.)   By 
aqueous  hydrochloric  acid  it  is  simply  dissolved,  not  decomposed.  (Kane.) 


Smithson- 

Anhydrout, 

Wenzel. 

Tennatit. 

Thomson. 

ZnO 

....     40-2     ....     5012        ....        4619 

....             OU             «..( 

52-20 

SOS 

....     40-0    ....     49-88 

53-81 

.    a.                        0(1                        .... 

47-77 

ZnO,S03        80-2     ....  10000         ....       10000        ....       100         ....         9997 

CombincUiom  with  IFa<«-.— The  salt  dehydrated  by  ignition  and 
afterwards  moistened  with  water,  combines  with  the  water,  producing 
rise  of  temperature.  (Graham.)  When  exposed  to  air  saturated  with 
aqueous  vapour,  it  takes  up  in  three  weeks  rather  more  than  7  atoms  of 
water  of  crystallization.  (Brandes.)  If  exposed  to  the  air  in  summer  in 
the  state  of  fine  powder,  it  absorbs  76'9  per  cent.  (7  At.)  of  water  in  the 
course  of  ten  days,  but  no  more  afterwards.  (Bliicher.) 

a.  Mono-hydrated, — Remains  behind  when  the  hepta-hydrated  salt  is 
dried  in  the  air  at  100°,  or  in  vacuo  over  oil  of  vitriol  at  20°.  (Schindler, 
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Oiaham.)  Likewise  separates  in  crystalline  grains  during  the  cooling  of 
a  boiling  saturated  solution  of  sinc-vitriol  in  water.  Does  not  part  with 
its  one  atom  of  water  at  205°,  but  gives  it  up  when  heated  to  about  238^ 
(Qraham);  at  this  temperature^  a  small  quantity  of  sulphuric  acid  is 
likewise  volatilized.  (Thomson^  Ann.  FhU.  26,  364;  Schindler.) 

ZnO  40-2        ....        4507 

SO»    400        ....         44-84 

HO 90        ....         10-09 

ZnO,SO»  +  Aq 89'2        ....       100*00 

/3.  Bi-hydraUd. — 1.  The  crystals  of  the  hepta-hydrated  salt  give  up 
31*4  per  cent,  of  water  at  50^,  and  crumble  to  a  white  powder.  (Schindler.) 
2.  When  a  solution  of  zinc-vitriol  supersaturated  with  sulphuric  acid 
is  evaporated  at  a  temperature  near  100"",  a  crust  of  salt  forms  on  its 
surface,  covered  with  closely-packed,  transparent  and  colourless  crystals, 
which,  when  immersed  in  cold  water,  soon  become  opaque  (Schindler); 
so  likewise,  a  concentrated  solution  of  zinc-vitriol,  mixed  at  a  boiling 
heat  with  sulphuric  acid,  yields  a  crystalline  powder  of  the  same  com- 
position (contaminated  only  with  adhering  sulphuric  acid),  and  this,  when 
digested  with  alcohol  of  specific  gravity  0*856,  is  converted  into  the 
penta-hydrated  salt.  (Kiihn.) — 3.  The  powder  of  the  hepta-hydrated  salt 
is  converted  by  boiling  with  absolute  alcohol  into  a  rough  sanay  substance 
consisting  of  the  bi-hydrated  sulphate.  (Kiihn.) 

KUhD. 


_,<.. 


ZnO 40-2      ....      40-94 

SO»   400      ....      40-73 

2HO 180      ....       18-33 


(2) 

(3) 

3911 

•  ••« 

41-29 

41*89 

■  ••• 

41-21 

19-00 

•  •■• 

17-53 

ZnO^SO>  +  2Aq.  982       ....     10000        10000       ....     10003 

y.  With  3^  atoms  of  Water, — 1.  When  a  concentrated  aqueous  solu- 
tion of  zinc-vitriol  containing  a  small  Quantity  of  free  acid  is  left  to  itself 
for  some  time,  it  deposits,  at  0® — besiaes  crystals  of  the  hepta-hydrated 
salt — the  salt  y  in  opaque  rhombohedrons,  which  are  permanent  in  tlie  air 
and,  when  heated,  give  off  their  water  without  fusing.  (Anthon,  J,  pr. 
Chem.  10,  352;  comp.  Kane,  JnTi.  Chim,  Phys,  72,  367.) 

Anthon. 

2ZnO 80-4     ....     :i5'99       ....         36*00 

2S08  80-0     ....     35-81       ....         36*19 

7H0    63-0     ....     28-20       ....         27-81 

(ZnO,S0»  +  2Aq.)  +  (ZnCSC  +  5Aq.)       223-4     ....  100*00       Z       10000 

^.  Penta-hydrated. — 1.  A  solution  of  zinc- vitriol  evaporated  between 
40°  and  50^,  becomes  covered  with  a  crust  consisting  of  this  salt.  (Schind- 
ler.)— 2.  The  finely  pounded  hepta-hydrated  salt,  boiled  with  alcohol  of 
specific  gravity  0*856,  yields  a  uniform  pasty  mass,  which  afterwards 
solidifies  into  a  hard  crystalline  substance,  having  a  waxy  fracture. 
Entire  crystals  of  zinc-vitriol  immersed  in  cold  alcohol,  slowly  become 
opaque  throughout  their  whole  substance;  in  boiling  alcohol  the  cbange 
takes  place  immediately.  (Kiihn.) 

KUhn.  Schindler. 

(2)  (1) 

ZnO  40-2     ....     3211         ....        32*05)  ^. 

803    40*0    ....     31-95         ....        31*03/        "         ^ 

5HO 45-0     ....     35-94         ....         36*92        ....         36 

ZnO,80»  +  5Aq.       1252     ....  10000        Z       10000        Z       100 
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c.  8eX'hydrated,^^j^9LnLie%  from  the  aqueoos  solution  at  a  temperaiura 
above  ao"',  in  oblioue  rhombic  prisms.  A  crystal  of  the  ter-hydrated  salt 
heated  above  52°  becomes  opaque^  because  it  is  thereby  converted  into  an 
aggregate  of  small  crystals  of  tne  sex-hydrated  salt.  (Mitscherlich.)  The 
correction  mentioned  in  III.  238,  applies  here  also. 

S.  Hepta-hydrcUed. — The  ordinary  form  of  zinc-vitriol.  Separates 
from  the  aqueous  solution  at  temperatures  below  30**  (86°  F).  Large, 
transparent,  colourless  prisms  belonging  to  the  right  prismatic  system. 
Fig.  73  ;  u'  :u=  91°  7';  u'  imzn  135°  33';  u'  :t=  134°  27';  u' :  the 
face  above  it  =  128°  58';  y  :  m  =  120°;  i  :  <  =  119°  23'.  Cleavage 
parallel  to  L  (Brooke,  Ann,  Phil  22,  437.)  Sp.  gr.  2  036.  (Mobs.)  The 
crystals  effloresce  slightly  in  the  air;  at  100°,  they  give  off  37*315  p.  c. 
(6  At.)  of  water,  and  afterwards,  when  heated  to  low  redness,  6  965  p.  c. 
(Kiihn.)  When  boiliug  water  is  poured  upon  them,  they  decrepitate  and 
become  opaque.  (Schindler.)  ]  part  of  the  crystals  mssolves  in  0'923 
water  at  17*5^  (63*5°  F.),  forming  a  solution  of  specific  gravity  1*4353 
(Karsten);  hot  water  dissolves  a  larger  quantity,  Hot  alcohol,  also^ 
even  if  absolute,  dissolves  a  trace.  (KUhn.) 

Mitscherlich.      Thomson.  Ktihn. 

ZnO 40-a     ....     28-07)  ...„.  j28-95  ....  2802 

S03  4a-0    ....     27-93/     ••••      **^  ^*      *•••     127-64  ....  27-7Q 

7H0 63-0     ....     44-00       ....      4476      ....       43-4^  ....  4428 

ZnO,SO»+7Aq.   1432     ....  100-00      ....    10000      ....     10000       ....     10000 

/.  Bistdphate  of  Zinc-oxide. — Obtained  by  accident  Transparent, 
colourless,  oblique  rhombic  prisms.  Fig.  81,  with /-face  and  some  others. 
W  :  t*=lll°;  i:u'  or  tt=106°;  i  :  /,  behind=:\  1S°.  Fuses  when  heated, 
giving  off  water  containing  sulphuric  acid,  and  leaves,  on  ignition,  40  per 
cent,  of  monosulphate.  Dissolves  with  difficulty  in  cold  water^  easily  in 
warm  water.  (Von  Kobell,  J.  pr.  Chem.  28,  492.) 

KobeU. 

ZnO 40-2     ....     19-98         ....         2000 

2S0' 80-0    ....    39-76        ....        39-66 

9HQ 810     ....     40-26         ....        4034 

ZnO,2SO»  +  9Aq....     2012     ....  10000        ....       10000 

I,  SuLPHOCARBONATE  OF  ZiNC. — Zinc-salts  givo  with  an  aqueous 
aolution  of  sulphocarbonate  of  calcium,  a  yellowish- white  precipitate, 
which,  on  drying,  becomes  pale  reddish-yellow  and  translucent.  (Ber- 
zelius.) 

K.  Sulphide  of  Phosphorub  and  Zinc. — Sulphide  of  zinc,  obtained 
by  precipitating  a  zinc-salt  with  hydrosulphate  of  ammonia,  and  igniting 
the  precipitate  in  a  current  of  hydrosulphuric  acid  gas,  is  placed  in  the 
first  of  two  bulbs  blown  upon  a  glass  tube,  then  moistened,  by  means  of  a 
pipette,  with  liquid  protosulphide  of  phosphorus,  and  very  cautiously 
heated  in  a  current  of  hydrogen  gas,  till  the  excess  of  sulphide  of  phos- 
phorus is  expelled.  If  the  red  mass  should  turn  white  from  heating  too 
strongly,  the  whole  must  be  left  to  cool  till  the  sulphide  of  phosphorus 
has  again  penetrated  the  mass,  and  then  the  heat  may  be  again  applied. 
(Vid.  II.,  215.) — Fine  red  powder  of  the  colour  of  minium.  Resolved  by 
distillation  below  a  red  heat  into  sulphide  of  phosphorus  which  passes 
over  in  the  form  of  a  pale-yellow  liquid,  and  white  zinc-sulphide  which 
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remains  behind.  Takes  fire  readily,  and  when  finally  heated  to  redness, 
leaves  ordinary  monophosphate  of  zinc-oxide  in  a  state  of  fusion.  Dis- 
solves in  hydrochlorio  acid  with  copious  evolution  of  sulphuretted 
hydrogen,  and  separation  of  red  pulverulent  -l-sulphide  of  phosphorus. 
(Derzelius^  Ann.  Pharm,  46,  150.) 

Beneliiis* 

2ZnS    96'4      ....      43'31         ....        45 

3P     94-2       ....       42-321  ,. 

28 32-0       ....       14-37)       -•         °* 

2ZnS,FS2  222*6      ....     10000        Z       JOO" 


Zinc  and  Selenium. 

A.  Selenide  of  Zinc. — These  elements  combine  but  very  imperfectly 
when  fused  together,  the  greater  part  of  the  selenium  volatilizing,  and  a 
mere  film  of  sulphur-yellow  selenide  of  zinc  being  formed  on  the  surface 
of  the  metal;  but  the  combination  takes  places  easily  and  with  explosion, 
when  vapour  of  selenium  is  passed  over  zinc  at  a  red  heat. — liemon- 
yellow,  pulverulent. — Cold  dilute  nitric  acid  dissolves  the  zinc,  with 
evolution  of  nitrons  gas;  the  selenium,  which  separates  in  the  first 
instance,  is  afterwards  dissolved,  on  the  application  of  heat,  in  the  form  of 
selenious  acid.  (BerzeliuQ.) 

HydrcUed  Selenide  of  Zinc,  or  Hydroieleniate  of  Zinc-oxide. — Aqueous 
hydroseleniate  of  potash  gives  with  zinc-salts  a  pale-red  precipitate, 
which,  on  exposure  to  the  air,  assumes  a  darker  red  colour  from  decompo- 
sition of  the  hydroselenio  acid;  it  is  insoluble  in  water.  (Berzelius.) 

B.  Selenitb  op  Zinc-oxide. — Monoselenite.  White  powder,  inso- 
luble in  water.  When  heated,  it  gives  off  water,  and  fuses  to  a  yellow 
transparent  liquid,  which  on  cooling  forma  a  white  mass,  having  a 
crystalline  fracture.  At  a  low  white  beat,  it  enters  into  ebullition,  and 
is  converted,  with  sublimation  of  selenious  aeid,  into  an  infusible  basio 
salt,  no  longer  decomposible  by  heat 

Mnipntt, 

ZnO    40-2     ....    4912 

Se02   56-0     ....    3508 

2H0    180     ....     15-80        ....         16-66 

'ZnO,8e(>^  +  2Aq.        114-2    ....  10000 

h.  BiteUnvle. — By  dissolving  a  In  selenious  acid.  Transparent, 
fissured,  gummy  mass,  easily  soluble  in  water.  (Berzelius.) 

IT  c  Quadroselenitc, — ^W'hen  clean  xine-tnmings  or  plates  of  zinc  are 
immersed  in  a  somewhat  concentrated  aqueous  solution  of  selenious  acid, 
the  metal  soon  becomes  covered  with  a  thin  red  layer  of  reduced 
selenium,  and  a  solution  is  formed  containing  quadroselenite  of  zinc-oxide. 
This  solution,  when  evaporated  to  a  syrupy  consistence  in  vacuo  over  oil 
of  vitriol,  and  then  left  at  rest  for  about  a  week,  yields  the  salt  in  large 
yellow  crystals  very  much  like  those  of  monochromate  of  potash.  Oblique 
rhombic  prisms,  having  their  terminal  edges  and  frequently  also  the  obtuse 
lateral  edges  replaced  by  planes :  generally  associated  in  macled  crystals. — 
Permanent  in  the  air,  soluble  in  water.  Solution  colourless;  has  a  strong 
sour  taste;  not  decomposed  by  acids.  Becomes  turbid  when  heated,  the 
salt  beiug  resolved  into  selenious  acid  and  neutral   zinc-selenite.     A 
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crystal  heated  to  30°  or  40°  undergoes  the  same  change,  becoming  white 
and  opaque ;  on  increasing  the  heat,  the  crystal  fuses,  and  is  resolved 
into  water  which  distils  over,  selenious  acid  which  sublimes,  and  a  neutral 
or  basic  salt  which  remains  behind. 

Wohlep. 

ZnO  40-2       ....       13-97         ....         1486 

4Se03    224-0      ....       76  72         ....         76-03 

3H0 270      ....        9-31         ....  910 

ZnO,4SeO«  +  3Aq 2912       ....     10000        Z         99  99 

May  be  regarded  as  a  double  selenite  of  zinc  and  water :  thus — 

ZnO,4ScO*  +  3HO  =  ZnO,  ScO»  +  3HO,  ScO^. 
(Wohler,  Ann.  Fharm.  59,  279.)  IT 

C.  Seleniatb  op  Zinc-Oxide. — ZnO,SeO'  +  7Aq.  The  crystals  of 
this  salt,  which  belong  to  the  square  prismatic  system,  are  isomorphous 
with  those  of  sulphate  and  seleniate  of  nickel-oxide.  Fig.  37;  e  :€"= 
138°  53';  cleayage  parallel  to  the  truncation-face  ».  (Mitscherlich,  Poaa, 
12,  144.) 

Zinc  and  Iodine. 

A.  Iodide  op  Zinc. — Zinc  and  iodine  combine  readily  and  with 
slight  evolution  of  heat,  producing  a  colourless,  easily  fusible  substance, 
which,  when  heated,  sublimes  in  beautiful  fournsided  needles.  (Gay-Lussac.) 
From  an  aqueous  solution  evaporated  by  heat,  and  afterwards  cooled,  the 
iodide  of  zinc  separates  in  octohedrons  (Berthemot,  J.  Fharm,  14,  610); 
and  by  slow  evaporation  over  oil  of  vitriol  in  a  receiver  containing  air,  it 
crvstallizes  in  anhydrous  cubo- octohedrons.  (Rammelsberg,  Fogg.  43,  665.) 
When  heated  in  the  air,  it  gives  off  iodine  vapour,  and  is  converted 
into  oxide  of  zinc.  (Gay-Lussac.)  When  exposed  to  the  air  at  ordinary 
temperatures,  it  absorbs  water  and  oxygen,  and  is  decomposed.  (Buckner, 
JieperL  SB,  204.)  With  oil  of  vitriol  it  yields  sulphurous  acid,  iodine, 
and  sulphate  of  zinc-oxide.  With  the  iodides  of  the  alkali-metals,  it 
forms  rapidly  deliquescent  crystals. 

Rammelsberg. 

?o 32-2      ....       20-35         ....        20-347 

I    1260      ....       79-65 

Znl   158-2      ....     10000 

A^eotu  Iodide  of  Zinc  or  Hydriodate  of  Zinc  Oxide.— IfAxAe  of  zinc 
deliquesces  m  the  air.  The  same  solution  is  formed  by  keeping  zinc  and 
lodme  immersed  in  water  till  the  liquid  loses  its  coloun^-Colourress, 
somewhat  acid  liquid,  contoining  24  per  cent,  of  zinc-oxide  to  76  iier  cent, 
of  hydriodic  acid.  (Gay-Lussac.)  The  highly  concentrated  solution 
[overcharged  with  oxide?]  when  diluted  with  water,  deposits  hydrated 
zinc-oxide  free  from  iodine.  (Rammelsberg.) 

.  ^'  .?/^T-i?^^^=  ^^  Zinc.— If  the  liquid  obtained  by  long  digestion  of 
zmc  with  iodine  and  water,  be  filtered  hot,  it  becomes  turbid  on  cooline. 
and  deposits  this  compound.  ( W.  Muller,  J.  pr.  Chem.,  26,  441.) 
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C.  Agu^oui  Biniodide  of  Zinc  or  HydriodiU  of  Zinc- oxide, — The 
aqaeoQS  solution  of  protiodide  of  zioc  dissolves  as  mncb  iodine  as  it 
already  contains,  and  acquires  a  brown  colour.  (Banp.) 

D.  Iodide  of  Zinc-oxide  ? — Zinc-oxide  heated  to  200*^  in  contact  with 
iodine,  takes  up  a  certain  quantity  of  that  substance,  but  gives  it  up  again 
on  being  treated  with  an  acid.  (Gronyelle.) 

£.  loDATB  OF  Zinc-oxide  or  Zinc-iodate. — Aqueous  iodic  acid  acts 
upon  zinc  with  efier>'escence  at  first,  but  the  efferresoence  soon  ceases  in 
consequence  of  the  formation  of  a  difficultly-soluble  salt.  (Connell, 
N.  Edinb.  Phil.  J^.  11,  72.)  Iodic  acid  and  iodate  of  potash  precipitate 
zinc-sulphate  after  a  while.  (Pleischl.)— The  salt  is  prepared  by  mixing  a 
solution  of  1  At.  ordinary  zinc-sulphate  with  1  At.  iodate  of  soda,  evapo- 
rating to  dryness,  and  extracting  the  sulphate  of  soda  with  water. 
(Rammelsberg,  Pogg.,  44,  563.) — Small  crystalline  grains,  or  crystalline 
powder.  When  heated,  it  gives  off  iodine  vapour  and  oxygen  gas,  and 
yields  a  sublimate  of  somewhat  needle-shaped  iodide  of  zinc,  leaving  a 
residue  of  ziuc-oxide,  mixed  with  a  very  small  quantity  of  iodide  which 
may  be  extracted  by  water.  ^Rammelsberg.)  Fuses  and  detonates 
slightly  on  red-hot  coals.  (Berzehns.)  Dissolves  in  114  parts  of  water  at 
15^,  and  in  76  parts  of  boiling  water.  Soluble  in  nitric  acid  and  in 
ammonia.  (Rammelsberg.) 

CryMtalUxed.  Rammekberg. 

ZnO 40-2       ....       17-931  «,.-« 

IO»   1660      ....       74041  •"•  ^^  '** 

2HO     18-0       ....         8-03  ....  8-22 

ZnO,IO«  +  2Aq 224-2       ....     100-00         Z.        10000 


Zinc  and  Bromine. 

A.  Bromide  of  Zinc. — Zinc  and  bromine  do  not  combine  even  when 
the  metal  is  heated,  and  the  bromine  dropped  upon  it.  (Lowig.) — 1.  The 
bromide  is  obtained  by  passing  bromine  vapour  over  reel-hot  zinc  till  the 
metal  is  converted  into  a  colourless  liquid.  (Berthemot.) — 2.  By  dissolving 
zinc  in  aqueous  hydrobromic  acid,  the  solution  being  attended  with  evolu- 
tion of  hydrogen.  (Balard) — evaporating  to  dryness — and  subliming  the 
residue.  (Lowig.) — Sublimes  in  white  needles,  which  fuse  into  a  light 
yellow  liquid  (Lowig);  colourless,  according  to  Berthemot.  Taste,  sweet 
and  styptic.     Decomposed  by  nitric  acid.  (Berthemot.) 

Berthemot. 

Zn  32-2       ....       29-11         29*25 

Br  78-4       ....       70-89        70*75 

ZnBr  110-6       ....     10000        ZZ       100*00 

Hydrated  Bromide  of  Zinc  or  Hydrohromate  of  Zinc-oxide, — Bromide 
of  zinc  deliquesces  rapidly  in  the  air  (L5wig),  and  becomes  strongly 
heated  by  contact  with  water.  (Berthemot.)  The  colourless  solution 
yields  small  crystals  on  evaporation.  (Lowig.)  When  evaporated  till  a 
film  of  salt  forms  on  its  surface,  it  solidifies  in  a  mass  of  indistinct  crystals 
on  cooling.  (Berthemot.)  When  evaporated  in  vacuo,  it  does  not  yield 
crystals,  but  solidifies  to  a  very  deliquescent  mass,  presenting  an  appear- 
ance of  efflorescence  on  the  surface.  (Rammelsberg.) — Bromide  of  ziuD 


so  zmc. 

dissolves  in  amtnonia^  hydrochloric  acid^  acetic  acid^  alcohol^  and  ether. 
(Berthemot.) 

Bromine-water  slowly  dissolves  a  small  quantity  of  xinc-oxide;  the 
eolation  has  no  bleaching  power,  but  contains  bromide  of  zinc  and  bromate 
of  zinc-oxide.  (Balard,  J.pr.  Ohem,,  4, 177.) 

B.  Bromate  of  Zinc-oxidb,  or  Zinc-Bromate. — By  dissolving  car- 
bonate of  zinc-oxide  in  aqueous  bromic  acid,  and  evaporating,  octohedrons 
with  cube-faces  are  obtained,  which  are  permanent  in  the  air.  The 
crystals  effloresce  in  vacuo  over  oil  of  vitriol.  They  fuse  at  100®,  but 
do  not  part  with  all  their  water  of  crystallization  till  they  are  heated  to 
200°,  at  which  temperature,  moreover,  they  are  completely  resolved  into 
bromine  vapour,  oxygen  gas,  and  very  loosely  coherent  oxide  of  zinc.  They 
dissolve  in  their  own  weight  of  cold  water.  (Rammelsberg,  Pogg,  52,  90.) 


ZnO    ».o 

40-2 

118-4 

540 

....     18-91 
....     55-69 
....     25-40 

•••• 
•  ••■ 
■  ••• 

Rammelsberg* 
16-44 

BrOfi   

6H0   

58-31 
25-25 

ZnO,BrO*  +  6Aq. 

212-6 

....  10000 

•  •■• 

100-00 

Zinc  and  Chlorine. 

A.  Chloride  op  Zinc. — BuLier  of  Zinc,  Bviyrum  Zinci. — 1.  Thin 
laminsD  of  zinc  introduced  into  chlorine  gas  at  ordinary  temperatures 
bum  with  a  white  light  and  form  chloride  of  zinc.  (H.  Davy.)  Zinc 
heated  nearly  to  its  melting  point  in  a  current  of  dry  chlorine  gas,  absorbs 
the  chlorine,  with  vivid  emission  of  sparks.  (Berzelius.) — 2.  The  chloride 
is  also  formed  by  heating  1  part  of  zinc  filings  with  2  parts  of  corrosive 
sublimate.  (Pott.) — 3.  By  evaporating  to  dryness  an  aqueous  solution  of 
zinc-chloride  prepared  as  described  below,  and  heating  the  residue  to 
redness  in  a  glass  tube  with  narrow  aperture.  (J.  Davy,  Schw.  10,  331.) 
At  the  very  high  temperature  required  to  dehydrate  the  salt  completely, 
hydrochloric  acid  is  driven  off,  and  a  portion  of  zinc-oxide  remains  mixed 
with  the  chloride.  (Mousson,  Ann.  Chim,  Fhys,,  69,  240.) — 4.  By  evapo- 
rating the  solution  to  dryness,  and  heating  the  residue  in  a  retort  till  the 
chloride  of  zinc  distils  over.  (Pott,  Brandt.) — 5.  By  distilling  1  part 
of  zinc-oxide  with  2  parts  of  sal-ammoniac,  the  receiver  being  charged 
after  a  while.  (Lesage.) — 6.  By  distilling  dehydrated  zinc-vitriol  with 
its  own  weight  of  common  salt.     (Crell  Chem,  •/.,  1,  116.) 

Whitish-grey,  semi-transparent,  soft  like  wax;  fuses,  according  to 
H.  Davy,  somewhat  above  100°;  according  to  J.  Davy,  just  below  duU 
redness,  and  on  cooling  becomes  first  viscid,  and  then  solid.  Sublimes  in 
white  needles  at  a  white  heat.  Has  a  burning  and  nauseating  taste  even 
when  dilute.  (Papenguth.) — When  heated  in  phosphuretted  hydrogen  gas, 
it  yields  hydrochloric  acid  gas  and  phosphide  of  zinc.  (H.  Rose.)— With 
cold  oil  of  vitriol,  it  suddenly  gives  off  all  its  hydrochloric  acid,  and 
leaves  sulphate  of  zinc-oxide.  (A.  Vogel.)  Forms  definite  compounds 
with  sal-ammoniac  and  chloride  of  potassium. 

J.  Davy.  Or  i  Wen2el. 

Zn S2-2    ....    47»63    ....    50        ZnO 40-2    ....    59-47     ....     57-56 

CI 35-4     ....     62-37     ....     50         Cl-C...     27*4     ....     40*53     ....     4244 


ZnCl...    67-6    ....  100-00    ....  100  67-6    ....  100-00    ....  10000 
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Hydrated  Chloride  of  Zinc  or  HydrochloraU  of  Zinc-oseide, — Chloride 
of  zinc  deliquesces  in  the  air. — Zinc  dissolves  in  aqueous  hydrochloric 
acid^  hydrogen  gas  being  evolred  and  a  colonrless  solution  formed. 
(Sch.  9.)  A  solution  of  zinc-sulphate  nay  also  be  precipitated  by 
chloride  of  calcium,  the  filtrate  concentrated  by  evaporation,  and  the 
remaining  liquid  separated  from  the  precipitate  gypsum.  (Papengath, 
Schw.  Ann.  2,  143.)— The  solution,  evaporated  to  a  svrupy  consistence, 
and  mixed  with  a  small  quantity  of  .strong  hydrochloric  acid  (because  it 
gives  off  some  of  its  acid  during  the  evaporation)  yields  small,  highly 
deliquescent  octohedrons.  (Schindler.) 

CryHatti»ed.  Bchindter. 

Zn    32-2      ....      42-04  ....  3980 

CI W-4       ....       46-21  ....  43-81 

HO    9-0      ....      11-75  ...»  1639 

Zna  +  Aq    7?6       ....     10000        Z       10000 

Protoxide  of  tin,  hydrated  oxide  of  lead,  and  protoxide  of  mercury, 
added  to  a  boiling  aqneous  solution  of  hydrochlorate  of  zinc-oxide,  preci- 
pitate all  the  zinc  in  the  form  of  oxychloride.  (Demar9ay,  Ann.  Phar. 
11,  251.) 

B.  OxTCHLORiDE  OF  ZiNc  or  Bastc  Htdrochlorate  of  Zinc-Oxide. 
>— a.  When  aqueous  chloride  of  zinc  is  evaporated  to  a  syrupy  consis- 
tence, hydrochloric  acid  is  given  off;  and  the  syrup,  on  subsequent  cool- 
ing, solidifies  in  a  gelatinous  mass,  probably  from  separation  of  a  still 
more  basic  salt,  which  always  re-dissolves  when  heated.  Water  added  to 
the  syrup  throws  down  a  white  bulky  precipitate,  and  the  filtered  liquid 
gives  a  precipitate  with  tincture  of  galls.  (Schindler.)  A  similar  solution 
precipitable  by  water  is  obtained  by  saturating  warm  concentrated  hydro- 
chloric acid  with  oxide  of  zinc. 

&.  ZnCl,dZnO.  —  1.  Formed  by  boiling  a  concentrated  solution  of 
chloride  of  zinc  with  oxide  of  zinc,  and  filtering;  the  compound  is  depo- 
sited on  cooling. — 2.  By  precipitating  hydrochlorate  of  zinc-oxide  with 
an  insufficient  quantity  of  ammonia,  and  digesting  the  precipitate  in  the 
liquid.  By  (1)  fine  pearly  octohedrons;  by  (2)  soft,  white  powder. 
Dissolves  sparingly  in  water,  more  abundantly  in  aqueous  chloride  of 
zinc,  easily  in  acids  and  in  caustic  ammonia  or  potash.  (Schindler,  Mag* 
Fkarm.  »«,  45.) 

Bchindler. 

ZnCl   67-6       ....       .32-78         32-5 

3ZnO  120-6       ....       58*49        588 

2HO   18-0      ....         8-73         8-7 

ZnCl,3ZiiO  +  2Aq 2062       ....     10000         ZZ       1000 

The  compotund  analyzed  by  Schindler  appears  to  have  been  dried  at  100°; 
the  compound  dried  at  38^  contains  4  At.  water.  (Kane.) 

c.  ZnCl,6ZnO. — 1.  Separates  in  the  decomposition  of  NH*,ZnCl  or 
of  NH',2ZnCl  by  water.  —  2.  Precipitated  on  adding  ammonia  to  the 
aqueous  solution  of  chloride  of  zinc,  till  a  portion  of  the  precipitate  is 
re-dissolved. — WTiite,  tasteless  powder,  insoluble  in  water.  Gives  off 
water  and  chloride  of  zinc  when  ignited,  and  leaves  a  residue,  from 
.which  water  extracts  chloride  of  zinc,  leaving  a  compound  containing  a 
larger  proportion  of  oxide.  (Kane,  Ann,  Chim.  Phy9.  72,  296.) 


32  zixc. 


Dried  at  82°. 

ZnCl  

6ZnO 

6HO  

67-6 

241-2 

54-0 

•  ••• 

•  ••■ 

•  •  ■  • 

18-63 
66-48 
14-89 

Kane. 

19-13 
65-85 
1502 

ZnCL  6ZnO  +  6Aq 

362-8 

•  ••• 

10000 

10000 

The  compound,  when  dried  at  ordinary  temperatures,  contains  23*5  per 
cent.  (10  At.)  of  water;  when  dried  at  a  high  temperature,  it  absorbs 
from  the  air  15  per  cent.  (4  At.)  of 'water,  which  cannot  be  driven  out 
at  100°.  (Kane.) 

d.  ZnCl,9ZnO. — 1.  Precipitated  on  diluting  the  syrup  a  with  water. 
— 2.  By  precipitating  aqueous  zinc-chloride  with  an  insufficieut  quantity 
of  ammonia  and  filtering  immediately:  the  compound  thus  formed  con- 
tains, however,  a  small  quantity  of  ammonia.  (Schindler.) — 3.  By  adding 
potash  to  aqueous  zinc-chloride,  till  the  mixture  begins  to  exhibit  an  aJka- 
line  reaction.  (Kane.) — Very  soft,  white  powder.  Not  perfectly  freed  from 
chlorine  by  boiling  with  carbonate  of  potash.  Converted  into  the  compound 
h  by  digestion  with  aqueous  zino-chlorido.  Insoluble  in  water,  less 
soluble  in  ammonia  than  5,  but  easily  soluble  in  acids.  (Schindler.) 

ZnCl  67-6 

9ZnO 381-8      .... 

3HO  270      .... 


Schindler. 

14-81 

14-41 

79-27 

79-88 

5-92 

5-71 

ZnCl,9ZnO  +  3Aq 4564       ....     10000        10000 

The  salt  obtained  by  (3)  contains  5*92  per  cent,  of  chlorine,  and  22*68 
(14  At.)  water;  after  perfect  drying,  it  absorbs  4  atoms  of  water  from 
the  air. 

C.  Hypochloritb  of  Zin<m>xide  or  Zino-hypochlorite. — The  solu- 
tion of  zinc- oxide  in  aqueous  hypochlorous  acid,  decomposes  sponta- 
neously, if  it  contains  excess  of  acid,  into  chlorine  gas,  chloride  of  zinc, 
and  chlorate  of  zinc-oxide;  and  even  when  the  zinc-oxide  is  in  excess, 
the  solution  cannot  be  evaporated  without  decomposition.  When  heated, 
it  gives  off  hypochlorous  acid,  probably  mixed  with  a  small  quantity  of 
free  oxygen,  and  deposits  a  white,  pearly  oxychloride,  which  decomposes 
spontaneously  into  chloride  of  zinc,  chlorate  of  zinc-oxide,  oxygen  gas, 
9»nd  a  small  quantity  of  chlorine  gas.  (Balard.)  Zinc- vitriol  mixed  with 
excess  of  hypochlorite  of  lime,  gives  a  precipitate  consisting  of  zinc-oxide 
and  sulphate  of  lime,  and  a  liquid  which  contains  no  zinc-oxide,  but 
hypochlorite  of  lime  with  excess  of  acid.  (Balard.) — 1  At.  chlorine  in 
the  state  of  aqueous  solution  dissolves  1  At.  oxide  of  zinc.  The  trans- 
parent and  colourless  solution  bleaches  tincture  of  indigo  strongly,  even 
after  a  quarter  of  an  bourns  boiling.  (Grouvelle,  Ann,  Chim,  FhyB,  17, 
37.)  The  solution  is  resolved  by  distillation  into  hypochlorous  acid, 
which  passes  over  in  small  quantity,  chloride  of  zinc  which  remains  dis- 
solved, and  oxychloride  of  zinc  which  separates  in  the  solid  state. 
(Balard.) 

D.  Chlorate  of  Zinc  oxide  or  Zikc-chlorate.*— 1.  Formed  by  dis- 
solving carbonate  of  zinc-oxide  in  aqueous  chloric  acid.  Metallic  zinc 
dissolves  in  the  acid  without  any  [or  with  slight]  effervescence,  and 
forms  hydrochlorate  and  chlorate  of  zinc-oxide. — 2.  By  passing  gaseous 
fluoride  of  silicium  through  water  in  which  finely  divided  carbonate  of 
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zine-oxide  is  diffused — boiling  the  filtered  liquid  with  an  equivalent 
anantity  of  chlorate  of  potash — and  filtering  from  the  precipitated  silico- 
nnoride  of  potassium.  (0.  Henry,  J.Fharm,  25,  269.) — Chlorate  of  zinc- 
oxide  crystallizes  apparently  in  octohedrons;  tastes  very  rough. — When 
thrown  on  red-hot  coals,  it  is  decomposed,  with  a  yellowish  light,  but 
without  actual  detonation.  In  contact  with  sulphuric  acid  it  assumes  a 
yellowish  colour,  and  emits  an  odour  of  chloric  oxide,  but  does  not  preci- 
pitate a  solution  of  nitrate  of  silver.  Soluble  in  water  and  alcohol. 
(Vauquelin,  ^nn.  Chim.  95. 113.)— Contains  ZnO,C10^+6Aq.  (Wachter, 
J.  pr,  Chem.  30^  321.) 

£.  Perchloratb  op  Zinc-oxide  or  Zinc-perchlorate.  —  1.  By 
precipitating  perchlorate  of  baryta  with  zinc- vitriol,  and  concentrating 
by  evaporation .  (Serullus,  Ann.  Chtm.  Fhy$,  46,  305.) — 2.  Obtained  like 
chlorate  of  zinc-oxide,  method  2.  The  carbonate  of  zinc  precipitated  by 
excess  of  carbonate  of  soda  from  5  parts  of  zinc-vitriol,  is  to  oe  treated, 
after  conversion  into  silico-fluoride  of  zinc,  with  4  parts  of  perchlorate 
of  potash.  The  filtrate,  when  evaporated  to  a  syrup,  and  then  left  in  a 
warm  place,  deposits  crystals.  ^O.  Henry.)  —  rrisms  united  in  tufts; 
deliquescent;  soluble  in  alcohol.  (Serullas.) 


Zinc  and  Fluorine. 

A.  Fluoride  op  Zinc. — Hydrofluate  of  potash  mixed  with  solution 
of  zinc-vitriol  produces  a  gelatinous  precipitate,  which  by  drjdng  is  con- 
verted into  a  white  tasteless  powder.  The  same  compound  is  obtained 
by  digesting  aqueous  hydrofluoric  acid  with  excess  of  zinc.  (Gray-Lussac 
and  Thenard.)  From  its  solution  in  aqueous  hydrofluoric  acid,  this  com- 
pound separates,  on  evaporation,  in  small,  white,  opaque  crystals,  having 
the  taste  of  zinc-salts.  It  dissolves  sparingly  in  pure  water,  somewhat 
more  freely  in  water  containing  hydrofluoric  acid,  and  likewise  in  nitric 
or  hydrochloric  acid;  easily  in  aqueous  ammonia.  With  the  fluorides  of 
the  alkali -metals,  it  forms  colourless,  sparingly  soluble  compounds. 

Aqueoui  Hydrofluate  of  Zinc-fliLoride  or  A  cid  Hydrofluate  of  Zine' 
oxide. — Formed  by  dissolving  fluoride  of  zinc  in  aaueous  hydrofluoric 
acid,  or  by  dissolving  zinc  in  excess  of  aqueous  hydrofluoric  acid,  the 
reaction  being  attended  with  evolution  of  hydrogen.  (Scheele,  Gay- 
Lussac  and  Th6nard.) 

B.  Fluoboride  op  Ztnc  or  Hydropluatb  op  Boracio  acid  and 
Zinc-oxide. — ZnF,BF'. — By  dissolving  zinc  in  aqueous  hydrofluoboric 
acid  (II,  364)  till  no  more  hydrogen  is  evolved  at  ordinary  temperatures. 
The  solution,  when  evaporated,  leaves  a  sjrrup,  which  solidifies  on  cooling 
and  deliquesces  when  exposed  to  the  air. 


Zinc  and  Nitrogen. 

A.  Nitride  of  Zinc  f — A  long  glass  trough  contains  water  and 
pieces  of  sal-ammoniac;  into  one  end  of  this  trough  there  dips  a  platinum 
wire  connected  with  the  negative  pole  of  a  six-pair  Grove's  battery; 
into  the  other,  a  ball  of  zinc  connected  with  the  positive  pole.  A  spongy, 
foliated  mass,  of  the  colour  of  graphite,  then  collects  on  the  negative 

vol.  y.  ^ 
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wire;  ibis  mass  grows,  and  rises  to  the  sariiEkce  froin  ttie  buoyancy  of  tbe 
adhering  gas-bubbles.  AVhen  washed  with  water  on  the  filter,  and  then 
dried  at  a  gentle  heat,  it  appears  grey,  without  metallic  lustre;  has  a 
density  of  4*6,  and  conducts  electricity. — 5  grains  of  this  substance  yield, 
when  ignited,  0*73  cub.  in.  of  a  mixture  of  between  3  and  4  vol.  nitrogen 
gaa  to  1  vol.  hydrogen.  The  last  portions  of  gas  evolved  appear  to 
consist  chiefly  of  hydrogen,  derived  apparently  from  the  de^ompositiofk 
of  the  adhering  water:  for  moistui^  is  likewise  deposited  in  the  tnbe. 
The  ignited  residne  exhibits  contraction,  but  withont  change  of  colonr.— 
Nitride  of  zinc  dissolves  like  zinc  in  aqueous  acids,  but  the  hydrt>geii 
evolved  contains  a  small  quantity  of  nitrogen.  (Grove,  Fhil,  Mag.  J.  19, 
98;  also  Fogg.  54,  101.) 


B.  NiTRATB  OP  ZiNC-o±iDfi,  or  ZiNC-NiTRATB.— a.  Octobodc. — Pormed 
by  heating  the  salt  c  till  it  becomes  nearly  solid.  (Gronvelle,  Ann,  Ckim» 
Fhtfs.  19,  137.)  The  salt  <;,  when  heated  till  part  of  the  acid  is  driven 
off,  retains  its  transparency  at  firet.  [The  mass  dissolves  partially  oa 
cooling,  leaving  a  white  residue  consisting  of  a  basic  salt.]  If  a  larger 
quantity  of  acid  be  driven  off,  the  melted  mass  appears  turbid  ;  and  if 
treated  with  water  after  cooling,  leaves  a  yellowish  residue,  consisting 
of  the  salt  a,  (Schindler.) — 2.  By  precipitating  the  salt  c  with  an  insuf- 
ficient quantity  of  ammonia.  (Grouvelle.)  The  precipitate  contains  a 
small  quantity  of  ammonia.  (Schindler.) 

Grouvelle  (1.)  ScMndler  (1.)  Grouvelle  (2.) 

8ZnO a21'6    ....     81-71       ....      81-69      ....       81-70      ....       78  13 

NO* 54-0     ....     13-72       ....       13-75       ....       1376       ....       1313 

2HO    18-0     ....       4-57       ....         4-56       ....         4-54       ....         874 

8ZnO,NO«  +  2Aq.     3936     ....  100-90       ...»     10000       ....     10000       ....     lOOOO 

The  salt  obtained  by  (2)  contains  4  At.  water.  (Grouvelle.) 

&.  QuadrcboM.     The  salt  a  digested  with  the  solution  of  c  swellB 
«p,  turns  white,  and  forms  a  loose  powder  when  dry.  (Schindler.) 

Schindler. 

4ZaO.. 160-8       ....       69-07         68-90 

NO»    54-0       ....       23-19         23-41 

2HO  18-t)      ....        7-74        7-69 


42nO,NO*  +  2Aq 2328       ....     10000        10000 

The  aqneons  solution  of  c,  boiled  with  oxide  of  zinc,  does  not  take  up 
iany  of  th&t  comnotind.  (Schindler.) 

1r  Gerhardt  has  obtained  a  basic  nitrate  of  zinc-oxide  which  ctystal- 
Ifeefi  in  l^rismAtic  needles,  and  contains  42nO,NO»-h3HO.  (J,  Fharm. 
8*  t^.  12,  61.)  t. 

e.  Mononitrate.  Nitric  acid  rapidly  dissolves  zinc,  producing  great 
heat,  and  evolving  nitrogen,  nitrous  oxide,  and  nitric  oxide.  (II.  374  and 
397.)  The  salt  crystalliaes  from  Very  concentrated  solutions  in  trans- 
parent, colourless,  flattened,  striated,  four-sided  prisms,  with  four-sided 
Summits  :  it  has  a  styptic  taste.  Fusee  when  heated,  and  at  100^  gives 
off  28  p.c.  (3  At.)  Water;  the  remaining  d  atoms  are  not  evolved  till  a 
temp^ratulre  is  attained  at  which  the  nitric  acid  itself  is  driven  off. 
(Graham.)  The  acid  is  first  evolved  tn  its  entire  state,  together  with 
A9  waAer$  afterwwdjB  in  the  form  of  hyponitric  acid  vapour  and  oxygen 
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gns.  (Scfaindler.)  DetoDfttes  with  a  red  flame  on  irlow{ii|^  coals.  Deli- 
quesces in  the  air;  diseolves  readily  in  water  and  alcohol.  Hjdrated 
oxide  of  lead  boiled  with  the  solution  precipitates  the  tine  complete! j  in 
the  form  of  a  basic  salt.  (Demar^ay.) 

ZnO 40-2     ....     27l2         

NO»  54-0     ....     36-44         

6HO 546     ....     S6'44         


Graham. 

Schindler. 

26-94 

....      25-6 

....       34-5 

....       39f 

2nO,NO*+6Aq.      148  2     ....  10000         ....     lOO'O 

According  t6  Graham  {Ann,  Pharvi,  29,  17)  and  MilloVl  (Compi. 
tfnd.l  4y  905),  the  crystals  contain  6  At.  water ;  Sichindler*^  analysb 
gives  7  atoms. 

C.  Zi!rc-oxii>fe  wtTB  Ammonia. — 1.  Hydrated  zinc-axide  dissolres 
easily  in  aqueons  ammonia.     The  ignited  oxide  does  not  dissolre  at  all 
in  ammonia,  according  to  Fimhaber;  according  to  iSchindler,  it  is  but 
very  sparingly  soluble,  bat  its  solubility  is  gteatly  increased  bV"  thiees  of 
different  ammonia  and  potash  naits.     The  most  cficfcnt  salts  in  thii 
respect  are  the  phosphates;  then  follow  the  iibtveniates,  hydrochlorates, 
sulphates,  nitrates,  acetates,  carbonates,  tartrates,  citrates,  and,  lastly, 
the  sulphites.     Succinic  and  benzoic  acid  Ikvour  the  solution  Only  when 
the  ammonia  is  rery  dilute ;  boracic,  hydriodic,  chloric,  arsenious,  oxalic, 
and  gallic  acid,  when  di;;e8ted  with  zinc-oxide  and  ammonia,  do  not  pro- 
mote the  solution  of  the  oxide,  but  combine  with  it,  together  with  a 
small  quantity  of  ammonia.     For  instance,  on  adding  to  ammonia  in 
which  zinc- oxide  is  diffused,  a  few  drops  of  phoi)ph)B,te  of  ammonia  or 
potash,  the  zinc-oxide  is  immediately  dissolved,  especially  if  heat  Ibe 
applied.  (Schindler.)    Hence  may  perhaps  be  explained  the  fact  observed 
by   Firnhaber   {Schw.   42,   246),   viz.  that  zinc-oxide   precipitated    by 
ammonia  from   a  solution   oi  the  salphate   [the   precipitate    contains 
sulphuric   acid],   uissolves  readily  in  ammonia,   even  after  ignition.— 
2.  Zinc  immersed  in  ammonia  and  placed  in  contact  with  iron  dissolves 
slowly,  with  evolution  of  hydrogen,  and  forms  the  compound  under  con* 
sideration.  (Runge.)     By  this  process,  without  any  admixture  of  acid, 
a  highly  concentrated  solution  may  be  obtained;  100  parts  of  such  a 
solution,  which,  after  the  removal  of  the  metallic  iron  and  zinc^  haa 
already  deposited  crystals  of  hydrated  zinc-oxide,  was  found  to  contain 
3*95  parts  (I  At.)  zinc-oxide  to  7 '68  parts  (rather  more  than  4  At) 
ammonia.  (Schindler^)     The  zinc  likewise  dissolves  without  the  presence 
of  the  iron,  but  more  slowly.     The  solution  is  colourless;  if  concentrated, 
it  becomes  turbid  on  dilution  with  a  considerable  quantity  of  water.    The 
solution  obtained  by  (2)  may  be  mixed  with  15  times  its  bulk  of  water 
without  producing  turbidity,  but  with  a  larger  quantity  of  water,   it 
gives  a  coagulated,  and  with  a  still  larger  quantity,  a  pulverulent  preci- 
pitate.   (Schindler.)     The  solution   (1),  when  it  evaporates  in  the  air, 
yields  needles    [probably  consisting  of    carbonate  of    zinc-oxide   and 
ammonia],  and,  when  evaporated  in  the  sand-bath,  leaves  an  inodorous 
mass,  soluble  in  water,  and  evolving  ammonia  when  treated  with  potash. 
(Wittstein,  Eepert  57,  60.)    The  solution,  when  evaporated,  UaVes  oxide 
of    zinc  containing  small    quantities   of  ammonia  and  carbonic    acid* 
(Bonnet.)     Baryta,  strontia,  and  lime-water  added  to  the  solution  throw 
down  a  portion  of  the  zinc-oxide  in  combination  ivith  the  earthy  alkalh 
(Berzelius.) 
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D.  Carbonate  of  Zinc-oxide  and  Ammonia.  -^  Zinco-ammonie 
CctrboncUe. — a,  1.  Zinc-filings  and  oxide  of  zinc  dissolve  readily  in 
aqaeous  carbonate  of  ammonia,  the  former  with  brisk  efiervescence,  the 
latter  with  evolution  of  heat.  The  solution  yields,  on  evaporation,  white 
crystals  having  a  silky  lustre.  The  saturated  solution  is  rendered  turbid 
by  excess  of  water,  and  gives  a  white  precipitate  with  acids,  and  a  grey 
precipitate  with  tincture  of  galls.  (Lassonne,  CrelL  Chem.  J,  5,  59; 
Roloff,  A.  Gehl.  6,  443.)  The  solution  becomes  somewhat  turbid  on 
dilution  with  water,  in  consequence  of  the  precipitation  of  a  compound 
[probably  6]  richer  in  oxide.  (Bonnet.) — 2.  When  hydrochlorate  of 
zinc-oxide  is  dropt  into  excess  of  ammonia,  then  carbonate  of  ammonia 
added,  and  the  mixture  exposed  to  the  air,  there  are  formed,  as  the 
ammonia  evaporates,  needle-shaped  crystals  united  in  stellated  masses, 
insoluble  in  water,  and  having  a  strong  ammoniacal  odour;  they  turn 
milk-white  in  the  air,  and  continue  to  evolve  ammonia  till  they  are 
converted  into  the  following  compound  6.  (Wohler,  Pogg.  28,  616.) 

b.  White  powder,  which,  when  heated,  evolves  a  large  quantity  of 
water  and  carbonate  of  ammonia,  and  leaves  62*2  per  cent  of  zinc-oxide. 
(Wohler.)  When  zinc-oxide  in  excess  is  digested  with  aqueous  carbonate 
of  ammonia,  a  crystalline  powder  is  obtained.  (Bonnet.) 

E.  Boride  of  Nitrogen  and  Zinc  ? — 2  parts  of  vitrefied  boracic  acid 
and  5  parts  of  cyanide  of  zinc  heated  to  whiteness  for  an  hour  in  a  closed 
charcoal  crucible  yield  a  white  mass.  This  mass  imparts  a  green  colour 
to  the  outer  blowpipe  flame,  but  without  melting;  burns  with  a  pale  blue 
light  when  thrown  into  fused  chlorate  of  potash;  gives  off  a  large  quantity 
of  ammonia  when  heated  with  hydrate  of  potash;  and  is  not  decomposed 
by  chlorine,  even  at  a  red  heat.  (Balmain,  Phil.  Mag,  J.  21,  270.) 

P.  Ordinary  Phosphate  op  Zinc-oxide  and  Ammonia. — Zinco- 
ammonic  Phosphate. — Formed  by  adding  a  solution  of  ordinary  phosphate 
of  ammonia  mixed  with  excess  of  ammonia  to  a  solution  of  zinc- vitriol, 
and  digesting  till  the  precipitate  has  lost  its  flocculent  character  and 
become  crystalline,  and  the  excess  of  ammonia  is  evaporated — then 
washing  the  precipitate,  pressing  it  between  folds  of  bibulous  paper,  and 
drying  it.  Instead  of  phosphate  of  ammonia,  phosphate  of  soda  mixed 
with  ammonia  may  be  used,  but  then  the  washing  is  diflicult.  White 
powder,  which,  on  ignition,  fields  79-33  per  cent,  of  zinc-oxide.  Insoluble 
in  water,  but  soluble  in  acids,  ammonia,  potash,  and  soda.  (Bette,  Ann. 
Pharm.  15,  129.)  >r         >  \         , 

CakulaHon  1. 
NH"  17-0      ....        8-68 

2ZnO     80-4       ....       41-06 

ffOf ^1'^       •  •       36-47 

3HO  270      ....       13-79 


NH*0,2ZnO,cPO»  +  2Aq 1958       ...     10000 

Calculation  2.  Bette. 

8-65 

47-55 

31-78 

12-02 


NH'    17-0  ....  7-20 

3^jj9 120-6  ....  51-10 

;P9!   71*-*  ••••  30-26 

3H0   270  ....  11-44 


NH^O,3ZnO,cPO«  +  3Aq.  2360       ....     10000 


10000 


Calculation  1  corresponds  to  the  manganese-salt  (IV.  232);  calculation  2, 
which  Bette  prefers,  corresponds  to  the  arseniate  (V.  50);  neither  of  them 
agrees  exactly  with  the  analysis. 
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G.  Pyrophosphate  of  Zinc-oxidb  and  Ammonia. — Zinco-ammonic 
Pyrophosphate. — Formed  by  mixing  hjdrochlorate  of  zino-ozide  with  a 
sufficient  quantity  of  sal-ammoniac  to  prevent  precipitation  by  ammonia, 
and  tben  stdding  a  mixture  of  ammonia  and  pyrophosphate  of  soda.  The 
precipitate  must  be  washed  till  the  water  no  longer  renders  a  silyer- 
solution  turbid,  then  pressed  between  paper,  and  dried.  If  the  same 
process  be  used  as  for  salt  F,  with  the  substitution  of  pyrophosphate  of 
soda  for  the  ordinary  phosphate,  the  resulting  precipitate  will  contain  too 
much  zinc-oxide  and  too  little  phosphoric  acid  to  exhibit  any  stoichio- 
metric relation.  The  precipitate  formed  by  the  first-mentioned  process 
has  the  appearance  of  loose  flakes.  When  ignited,  it  leaves  79*3  per 
cent,  of  zinc-phosphate.  Contains  in  100  parts — ^ammonia,  5*78;  zinc- 
oxide,  42*43;  pyrophosphoric  acid,  37*31;  water,  14 '7  8, — corresponding 
to  the  formula,  2NH»-h6ZnO-|-36PO*-|-9aq.  (Bette.) 

H.  Metaphobphate  of  Zinc-oxide  and  Ammonia. — Zinco-ammonie 
MOaphaaphate, — Zinc- vitriol  mixed  with  ammonia  is  precipitated  by  a 
solution  of  vitrefied  metaphosphate  of  soda,  likewise  mixed  with  ammonia. 
A  white  precipitate  is  immediately  formed,  and  subsequently  coagulates 
in  a  resinous  mass.  When  dry,  it  forms  a  white  powder.  The  dry  pre- 
cipitate contains  in  100  parts — ammonia  6*50;  zinc-oxide  4645;  phos- 
phoric acid  33*68;  water  13*37:  it  is  probably  a  mixture  of  a  double 
metaphosphate  with  a  double  phosphate  containing  ordinary  phosphoric 
acid.  (Bette.) 

I.  Ammonio-htposulphitb  of  Zinc-oxide. — Aqueous  hyposulphite 
of  zinc-oxide  supersaturated  with  ammonia  and  then  mixed  with  absolute 
alcohol,  deposits  this  salt  in  white  needles.  These  crystals,  when  heated, 
rapidly  evolve  a  large  quantity  of  ammonia,  yield  a  sublimate  of  sulphite 
of  ammonia  and  a  very  small  quantity  of  sulphate  of  ammonia,  and  leave 
a  mixture  of  sulphide  of  zinc  and  sulphate  of  zinc-oxide.  They  are 
decomposed  by  water,  with  separation  oi  flocculent  zinc-oxide.  (Rammels- 

berg,  Pogg.  56,  62.) 

Cnfttallisid,  RammeUberg. 

NH»    17*0        ....        16-16 

ZnO    40*2        ....        38-21         39*62 

8?0»    48-0        ....        45-63 

NH»  +  ZnO,8»Oa  ....       105*2        Z       10000 

K.  Ammonio-hyposulphate  of  Zinc-oxide. — ^Warm  aqueous  am- 
monia saturated  with  hyposulphate  of  zinc-oxide,  yields  small  crystals  on 
cooling.  These,  when  heated  in  a  retort,  yield  free  ammonia,  a  sublimate 
of  sulphite  and  sulphate  of  ammonia,  and  leave  a  residue  consisting  of 
sulphate  of  zinc-oxide  with  a  small  quantity  of  sulphide  of  zinc*  (Ram- 
melsberg,  Fogg.  58,  297.) 

Crytiallized,  lUmmelaberi;. 

2NH» « 340       ....       23-26        22-53 

ZnO    40-2       ....       27-50        27*50 

S»0»    720       ....      49-24         


2NH>  +  ZnO,S20* 1462       ....     10000 


L.  Quadrobasic  Zinc-sulphate  with  Ammonia. — The  flowers  of 
zinc  met  with  in  commerce  sometimes  consist  of  this  salt  It  is  precipi- 
tated when  a  boiling    solution  of  zinc-vitriol  is  supersaturated  with 
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apciiagiuiaiA  aud  tlie.  boiling  copiinaed  till  i^e  liquid  no  loiter  fmelb  of 
ai^wonis^  (ScUiodler,  SepcrU  Zlj,  20.) 


2NH* 34-0 

4ZnO 160-8 

B0» 40-0 

4HO  ae-o 


Scbindler. 

12-56 

12-00 

59-38 

59-33 

14-77 

14-66 

13-29 

13-33 

2NH»:+4ZuO,SO«  +  4Aq.    : 270-a      ....     lOO-OO       '. :."       99-32 

The  solution  of  qnadrobasic  or  bibasic  zinc-sulphate  in  ammonia  yields 
small  crystals  on  the  addition  of  alcohol;  but  on  dilution  with  water,  it 
gives  a  precipitate  in  which  the  quantity  of  acid  and  ammonia  is  less  in 
proportion  as  the  dilution  is  greater.  Aqueous  monosulphate  of  zinc- 
oxioe  mixed  with  a  quantity  of  ammonia  just  i^uflScient  to  re-dissolve  the 
precipitate,  is  not  rendered  turbid  by  small  quantities  of  water;  but  with 
larger  quantities  it  forms  pulverulent,  and  with  still  larger  quantities,  gela- 
tinous precipitates,  containing  oxide  of  zinc,  sulphuric  acid,  and  ammonia; 
when  the  quantity  of  water  is  still  further  increased,  a  heavy  powder  is 
thrown  down  consisting  of  nearly  pure  hydra  ted  zinc-oxide.  A  solution 
of  zinc-vitriol  supersaturated  with  ammonia  and  exposed  for  some  time  to 
the  air,  deposits,  quadrobasic  sulphate  of  zinc-oxide,  while  sulphate  of 
zinc-oxide  and  ammonia  remains  in  solution.  (Schindler,  Mag,,  Pharm., 

36,57.)  ..." 

a  is  the  precipitate  formed  by  mrxing  zinc-vitriol  with  an  insufficient 
quantity  of  ammonia,  b.  With  a  slight  excess  of  ammonia.  (If  the 
addition  of  ammonia  be  discontinued  as  soon  as  the  precipitate  ceases  to 
form,  the  double  sulphate  of  zinc-oxide  and  ammonia  remains  in  the 
solution.)  c.  The  precipitate  obtained  by  mixing  zinc-vitriol  with  a 
quantity  of  ammonia  sufficient  to  re-dissolve  the  precipitate  and  then 
diluting  with  water.  ^Bonnet)     [The  amount  of  water  is  not  stated.] 


a. 

b. 

c. 

NH« 

1*05 

4-02 

2-4!? 

ZnO 

>...           o£'£7           ... 

82-37 

81-65 

SO»   

16-68 

13-61 

15-93 

10000 

10000 

10000 

M.  MoNOBASTC  Zinc-sulphate  with  Ammonia. — a,  5NH'-h 
2(ZnO,  SO').  100  parts  of  anhydrous  zinc- vitriol  rapidly  absorb  51*22 
parts^  (2^  At.)  of  ammonia,  great  heat  being  evolved  and  the  salt 
swelling,  np  and  uUiniately  crumbling  to  a  white  powder.  The  compound 
wJbtea  heated  to  redness,  gives  off  ammonia  with  ebullition,  yielding  a 
aaall  sublimate  of  sulphite  of  ammonia,  and  a  residue  which  is  no  longer 
soluble  in  water.  It  dissolves  in  water  with  partial  separation  of  zino- 
oxide.  (H.  Rose,  Fogg.  20,  149.) 

b.  2NH"-|-ZnO,  SO*.  When  ammoniacal  gas  is  passed  through  a  hot 
saturated  siplution  of  zinc-vitriol,  till  the  precipitate  is  completely  re-dis- 
solved, the  compound  c  is  deposited,  on  cooling,  in  flocculent  granules. 
An  additional  quantity  of  the  salt  c  is  obtained  by  filtering  the  liquid 
from  the  precipitate  and  either  evaporating  it  to  dryness  or  keeping  it 
warm.^  If,  on  the  other  hand,  it  be  left  to  evaporate  at  ordinary  tempera- 
tures, it  yields  crystals  of  b.  The  latter  are  transparent  while  moist,  but 
kpmedi^tely  become  opaque  when  dried  in  the  air,  passing  in  fact,  with- 
out cjbunge  of  fc.rm,  from  2NH»-f  ZnO,  SO=»-f  4Aq  into  2NH3-i-ZnO, 
^P-  +  ?Aq.     When  kept  for  awjiile  at  a  temperature  between  27°  and 


SULPHATE  OF  ZINC^OXIDE  AND  AMMONIA. 


39 


d3^  tk^j  gi?«  otK  zsk  additioxud  atom  of  water  and  cvumble  to  a  white 
powder,  coDsistia^  of  2NU*+ZnO,  SO'+Aq.  The  Utter,  if  kept  for 
awhile  at  100"",  gives  off  water  and  ammonia;  but  to  ^et  rid  of  all  the 
water  it  is  necessary  to  fpse  the  salt.  If  merely  heated  till  it  begins  t^ 
melt>  it  leaves  a  gummy  mass  =  NH'  +  Zn6,S0'+Aq;  after  longer 
fusion  there  remaina  NH^  +  ZnO>SO^  constituting  7d'13  parts  out  of  lOQ 
parts  of  the  white  powder.  This  compoi^nd^  when  subjected  to  Si  con- 
linuully  increasing  heat,  gives  off  all  it^  ammonia,  and  leaves  iijLono- 
f  ulphate  of  zinc-oxide.  This  last-i^entioaec^  wk  constitutes  54'66  p.  a  9f 
ihe  recently  prepared  (^ystals;  60  p.  o.  of  the  crystals  after  efflorescence 
in  the  air;  and  66'0t7  p.  c.  of  the  wkit^  powder  dried  at  27^.  If  the 
heat  be  too  suddenly  applied,  sulphite  of  ammonia  sublimes  and  the 
residual  zinc-sulphate  contains  excess  of  oxide.  The  crystals  are  soluble 
in  water. 


NH» 

Zno.SO*   .. 
HO    

At. 

2 
1 

1 

Bfflweeeed  ab* 

340        

80-2        

9-0        

99e  27°. 
27-60 
65*10 

7-30 

NH» 

ZnO,SO»... 
HO  

1       ....       123-2 

Bjffloreiced  at  ordinary  temperatwree. 
At. 
2      ....      340    25-72 

1  ....       80-2    60-66 

2  ....       18-0     13-62 

•  ••«  >•■■ 

At. 
2 

1 
4 

100-00 

Recent  eryeiale. 

34-0    ....    22*63 

....      80-2     ....     53-40 

36-0    ....     23-97 

132-2 

• 

.  lOOOO 

150-2     ....  100-00 

c.  NH*  +  ZnO,  SO*.  1.  Deposited  in  the  preparation  of  h,  in  floccu- 
lent  granules  resembling  starch. — 2.  Obtained  as  a  gummy  mass  by  fusint^ 
b  for  a  short  time.  In  whichever  way  the  compound  is  prepared,  it 
contains  1  atom  of  water.  When  fused  for  a  longer  time,  it  gives  off 
water,  and  when  strongly  heated,  leaves  75  92  per  cent,  of  monosulphate 
of  ziuc-  oxide.  Both  in  the  hydrated  and  in  the  fused  state,  it  is  decomposed 
by  contact  with  water,  the  compound  b  together  with  sulphate  of 
ammonia  dissolving  in  the  water,  and  sexbasie  sulphate  of  zinc-oxide 
(p.  22)  being  separated.  (Kane,  Ann.  Chim.  Fhy$.  72,  304.) 


Dehydrated. 

NH» 170      ....      17-49 

ZnO,SO» 80-2      ....       82-51 


Starch  or  yum 'like  talt. 

NH» 170      ...;       1601 

ZnO,SO» 80-2       ....       7552 

HO 9-0      ....        8-47 


97-2 


10000 


106-2 


100-00 


N.  Sulphate  op  Zinc-oxide  and  Ammonia.— i^tnco-amwonic  Suh 
phate.  Transparent,  colpurless,  hard,  bitter-tasting  crystals,  having  pre- 
cisely the  form  of  the  double  sulphate  of  magnesia  and  ammonia. 
(Mitscherlich.)  According  to  Tassaert  (Ann.  Chim.  Fhys,  24,  100)  they 
consist  of  octohedral  segments. 


NH» 

ZnO 

2SO»    

7HO      ;. 

FeO,    accidental 


17-0 
40*2 
800 
63-0 


8-49 
2008 
39-96 
31-47 


Tassaert. 

*  8-04 

19-74 

39-90 

30*90 

1-42 


.  ]}^*Q,S03t«QO,80»  +  6Aq....     200-2        ......       100.*UO 


lOtl-^) 
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0.  Ammonio-iobide  of  Zinc. — a.  100  parts  of  zinc-iodide,  exposed 
to  a  current  of  amraoniacal  gas,  absorb  26*923  per  cent,  (not  quite  3 
atoms)  of  ammonia,  becoming  very  hot,  swelling  up,  and  crumbling  to  a 
white,  loosely-coherent  powder.  Cold  water  decomposes  it,  giving  off 
ammonia  and  separating  zinc-oxide  free  from  iodine;  but  a  small  portion 
of  zinc  likewise  dissolves.— 5.  The  solution  of  zinc-iodide  in  aqueous 
ammonia,  when  left  to  evaporate  freely,  yields  anhydrous  white  crystals 
which  have  a  strong  lustre,  are  permanent  in  the  air,  and  when  heated 
in  close  vessels  are  resolved  into  ammonia  which  escapes  as  gas,  and 
iodide  of  zinc  which  sublimes;  cold  water  acts  upon  them  just  as  upon 
salt  a;  they  dissolve  readily  in  acids.  (Rammelsberg,  Pogg,  48,  152.) 

Rammels- 
a.  Rammelsberg.         h.  Crytiallijted.  berg. 

3NH»...     510     ...     24-38     ...     2121  2NH»...     340     ...     1769 

Zo 32-2     ...     15-391  ^q.oo  Zn 322     ...     16-75  ...  16-66 

I    1260     ...     65-56 


Zo 32-2     ...     15-391  7ft.90 

1 1260     ...     60-23/    ••     '**^^ 


209  2     ...  10000     ...  10000  192-2     ...  100  00 

P.  Iodide  of  Zinc  and  Ammonium. — An  aqueous  mixture  of  iodide 
of  zinc  and  hydriodate  of  ammonia,  evaporated  over  oil  of  vitriol  in  a 
receiver  containing  air,  yields  extremely  deliquescent  crystals.  (Rammels- 
berg, Fogg,  43,  665.) 

Cfryttallixed,  Rammekberg. 

NH< 180      ...        5-96 

Zn 32-2       ...       10-65  10269 

21 2520       ...       83-39  80-644 

NH^I,ZnI    302-2       ...     10000 

Q.  Ammonio-iodate  of  Zinc-oxide. — Separates  from  a  solution  of 
zinc-iodate  in  ammonia,  in  rhombic  crystals  by  spontaneous  evaporation, 
and  as  a  white  powder  on  the  addition  of  alcohol.  The  crystals,  when 
exposed  to  the  air,  effloresce  rapidly  from  loss  of  ammonia.  When  heated, 
they  melt  and  leave  oxide  of  zinc.  They  are  decomposed  by  water. 
(Rammelsberg,  Fogg,  43,  665.) 

Crystallized.  Rammelsberg. 

4NH' 680       ...        9-90        1064 

3ZnO 120-6       ...       17*57         18-03 

310»   4980       ...       72-53         71-33 

4NH3  +  3(ZnO,10«) 6866       ...     10000         ~.       100*00 

R.  Ammonio-bromide  of  Zinc. — A  concentrated  aqueous  solution  of 
zinc-bromide,  supersaturated  with  ammonia  and  evaporated,  yields  colour- 
less octohedrons,  which  fuse  and  give  off  all  their  ammonia  when  heated; 
and  when  digested  with  water,  especially  with  the  aid  of  heat,  are  com- 
pletely resolved  into  precipitated  oxide  of  zinc,  and  a  solution  of  hydro- 
oromate  of  ammonia  free  from  zinc.  (Rammelsberg,  Fogg.  55,  240.) 

Crystallized.  Rammelsberg. 

NH»    170       ...       13-32  12-98 

Zn  32-2       ....       25-24  25-82 

Br   78-4       ...       61-44  6987 

NH»,ZnBr 1276       ...     10000         ~.         9867 

S.  Ammonio-bromatb  of  Zinc-oxide. — When  ammonia  is  added  to  an 
aqueous  solution  of  zinc-bromate  till  the  precipitate  first  formed  is  re-dis- 
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0olTed,  and  the  liquid  eyaporated  [best  under  a  bell-jar  with  hydrate  of 
potash  and  quick-lime],  small  prismatic  crystals  are  obtained.  These 
crystals  when  heated,  are  decomposed  with  a  hissing  noise  and  a  back- 
ward and  forward  motion,  and  give  off  bromine.  With  water  they  are 
converted  into  oxide  of  zinc  and  bromate  of  ammonia  which  dissolves. 
When  exposed  to  the  air,  they  attract  moisture  and  turn  yellow,  evolving 
bromine  and  afterwards  giving  up  bromide  of  zinc  to  the  water.  (Ram- 
melsberg,  Pogg.  52,  90.) 

CryMiallized.  Rammelsberg. 

NH»    170      ...         8-39         8-52 

ZnO    40-2       ...       19-84         1941 

BrO»   118-4       ...       58-44 

3HO   27-0       ...       13-33 

NH»  +  ZnO,BrO*  +  3Aq.  ...       202*6       ...     lOO'OO 

T.  Ammonio-chlortdb  op  Zinc. — a.  2NH',ZnCL — Formed  by 
passing  ammoniacal  gas  through  a  hot  concentrated  solution  of  zinc- 
chloride  till  the  precipitate  is  re-dissolved — filtering  quickly,  in  case  any 
floccnlent  matter  should  remain  undissolved — and  leaving  the  solution  to 
cool.  The  compound  a  then  separates.  The  mother-liquor,  when  evapo- 
rated, yields  crystals  of  the  compound  h. — a  appears  in  small  lamins, 
having  a  pearly  lustre  and  feeling  like  mica.  At  149°  it  gives  off  all  its 
water  and  half  its  ammonia,  and  leaves  77' 22  per  cent,  of  a  white  powder, 
consisting  of  NH*,ZnCl.  When  more  strongly  heated,  it  leaves  NH', 
2Zn.Cl.  (Kane,  Ann.  Chim.  Phy%,  72,  290.) 

Qytiailized.  Kane. 

2NH» 340      ...      30-74 

Zn  322       ...       2911 

CI    85-4       ...       3201         3114 

HO 9-0       ...         814 

2NHS+ZnCl  +  Aq.         110*6       ...     10000       =      NH2,ZnCl  +  NH»,HO. 

5.  NH',ZnCl. — For  the  preparation,  vid,  /i. — Square  prisms  having 

a  glassy  lustre.     The  compound  fuses  when  heated,  giving  off  its  water 

and  half  its  ammonia,  and  forming  a  transparent  liquid  composed  of 

NH',2ZnCl,  and  amounting  to  85-64  per  cent,  of  the  original  substance. 

(Kane.) 

Cryttallized.  Kane. 

2NH» 34-0       ...       19-08 

2Zn  64-4       ...       3614         35-61 

2C1 70  8       ...       39-73         3947 

HO 9-0       ...         5-05 

2NH»  +  2ZnCl  +  Aq 178-2       ...     lOO'OO 

c.  NH',2ZnCl. — When  a  or  6  is  fused,  this  compound  remains  in  the 
form  of  a  clear,  colourless  or  yellowish  liquid  which,  on  cooling,  solidifies 
into  an  amber-yellow,  gummy,  very  slightly  crystalline  mass.  It  boils  at 
a  heat  near  redness  and  sublimes  undecompoeed  in  amber-coloured  drops. 
When  heated  with  lime,  it  evolves  a  large  quantity  of  ammonia.  When 
treated  with  water,  it  is  resolved  into  the  compound  b,  which  dissolves, 
and  oxychloride  of  zinc,  ZnCl,6ZuO -f- 6Aq  (p.  32),  which  remains  undis- 
solved. (Kane.)  According  to  Grouvelle,  chloriae  of  zinc  absorbs  am- 
moniacal gas;  according  to  Perzoz,  the  quantity  absorbed  is  half  an  atom, 
and  the  absorption  does  not  take  place  without  the  aid  of  heat. 
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NH» 17-0        1117 

2ZnCl  135-2         88-83 

NH3,2ZnCl 152-2         ~.       10000 

U.  CsLORiDE  OF  Zinc  and^  Ammojsium.-^A  solution  of  1  part  of  zinc- 
oxide  in  strong  hydrochlorio  acid  mixed  with  1  part  ol  sal-ammoniac  and 
evaporated — the  acid;  aa  it  escapes,  being  replaced — yields  on  coolings 
transparent  and  colourless  rectangular  prisms,  truncated  at  the  lateral 
edges  and  the  corners,  and  having  a  sharp  metallic  taste.  They  are  per- 
manent in  dry  aix,  but  deliquesce. in  moist  air,  and  dissolve  without  decom- 
position in  water.  (Schindler,  Mag  Fharm.  36, 37.)  When  heated^  they 
are  resolved  into  sal-ammoniac  which  volatilizes,  and  chloride  of  zinc  which 
remaiuA  beidnd.  They  dissolve  into  f  pt.  of  cold  water,  producing  a 
great  fall  of  temperature  and  in  0*28  pt.  boiling  water.  (Golfier — 
Basseyre,  Ann.  Ckim.  Phys,  70,  344.) 


Crytiallizedm 

Schindler. 

NH^Cl    

63-4       ...       41-08 

41-20 

ZnCl    

67-6       ...       5200 

5209 

HO 

90       ...         6-92 

6-71 

NH*Cl,ZnCl  +  Aq.    130-0       ...     10000         100-00 

Oxide  of  zinc  dissolves  in  aqueous  sal-ammoniac.  (Th^nard,  Scher.  J. 
lOj,  428.)  A  solution  of  hydrated  zinc-oxide  in  gently- warmed  sal- 
ammoniac  yields  the  above-mentioned  crystals  on  evaporation;  but,  if  it 
be  boiled,  the  ammonia  escapes,  and  basic  hydrochlorate  of  zinc-oxide 
a  (page  31)  is  produced,  from  which  the  compound  h  is  precipitated  on 
cooling.  (Schindler.) 

When  chloride  of  zinc  is  precipitated  by  an  insufficient  quantity  of 
ammonia,  a  precipitate  is  formed,  containing  oxide  of  zinc  79*86;  chloride 
of  zinc  14 '80;  sal-ammoniac  2*37;  a  slight  excess  of  ammonia  produces  a 
gelatinous  precipitate  which  exhibits  an  alkaline  reaction,  even  after  long 
washing,  and  contains  2*42  per  cent,  of  ammonia  and  11*16  chlorine;  the 
liquid  filtered  from  it  yields  crystals  of  the  double  chloride  of  zinc  and 
ammonium.  (Bonnet,  Ann,  Phai'm.  9,  170.) 

%  By  mixing  solutions  of  1  pt.  sal-ammoniac  and  2  pts.  chloride  of  zinc, 
Hautz  obtained  a  salt  which  separated  in  crystals  belonging  to  the 
oblique  prismatic  system.  The  crystals  were  very  soluble  in  water  and 
showed  a  tendency  to  deliquesce  when  exposed  to  the  air. 


NH* 

2Zn 

3Cl 

4HO    

Cry 
18-0 

66-4 

106-2 

360 

sialUzed. 

7-95 

....       29-17 

46-95 

...       15-93 

Hautz. 
8-00 
29-05 
46-46 
16-26 

NH*Cl,2ZnCl  +  4Aq.     . 

226-6 

...     10000 

99-77 

{Ann,  Pharm.  66,  287.)  ^ 


Zinc  and  Potassium. 


.  A.  AiiLOY  CMP  Zinc  and  Potassium.— Combination  between  these 
two  metals  takes  place  at  high  temperatures  only. — The  alloy  is  a  brittle, 
granular  ma.ss,  which  fuses  a.t  a  red  heat — It  oxides  in  the  air,  and 
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t^contposeoi  water .  rapidly,  especially  when  acida  are  preaeQi   (Gay- 
Lussacj^  and  Th^nard.) 

B.  Zinc-oxide  with  Potash. — Zinc  dissolves  in  aqneons  solution  of 
potash  very  slowly  and  with  evolution  of  hydrogen  (Bischof,  Kattn.  Arch. 
],  193);  more  quickly  when  in  contact  with  platinum  ;  most  quickly  in 
contact  with  iron.  (Runge,  Fogg,  16,  129.)  The  ignited  oxide  dissolves 
with  difficulty;  the  hydrate  easily  and  abundantly. — The  concentrated 
solution,  when  covered  with  a  layer  of  alcohol,  deposits  small  shining 
crystals,  containing  I  At.  zinc-oxide  with  I  At.  potash.  They  dissolve 
readily  in  water,  and 'the  solution,  when  boiled,  deposits  a  white  powder 
containing  2  At.  ziuc-oxide  to  I  At.  potash.  (Laux,  Amu  Pharm.  9, 193.) 
By  the  addition  of  a  small  quantity  of  alcohol,  Fremy  (Compt.  rend. 
15,  1106)  obtained  long  needles  containing  2  At.  zinc-oxide  with  1  At. 
potash;  these,  when  treated  with  water,  were  immediately  decomposed, 
yielding  anhydrous  zinc-oxide  and  aqueous  solution  of  potash.  —  The 
solution  of  zinc-oxide  in  aqueous  potash  leaves  on  evaporation  a  white 
shining  mass  which  becomes  moist  by  exposure  to  the  air.  (Berzelius.)  — 
2  parts  of  hydrated  sine-oxide  dissolve  in  5  parts  of  potash-ley  of  1  *3 
specific  gravity.  When  the  solution  is  evaporated  to  dryness  and  the 
residue  fused,  an  enamel-like  mass  is  formed,  from  which  water  extracts 
the  potash ;  the  solution  mixed  with  eight  times  its  volume  of  alcohol 
deposits  nearly  the  whole  of  the  zinc-oxide.  (Bonnet.) — The  solution  of 
ziuc-oxide  in  caustic  potash  is  rendered  turbid  only  by  a  very  large 
quantity  of  water. 

When  a  solution  of  zinc- vitriol  is  mixed  with  a  quantity  of  potash 
sufficient  to  re-dissolve  the  precipitate,  and  then  exposed  to  the  air  for 
some  time,  a  precipitate  is  formed  containing  zinc-oxide,  potash,  and 
carbonic  acid,  out  no  sulphuric  acid.  The  mixture  yields  no  deposit, 
when  boiled  out  of  contact  of  air;  but  when  it  is  boiled  in  an  open  vessel, 
or  if  it  has  been  exposed  to  the  air  before  boiling,  it  yields  a  powder 
which  becomes  very  heavy  when  dry  and  consists  of  pure  hydrated  oxide 
of  zinc.  If  the  potash  contains  silica,  silicate  of  zinc-oxide  and  potash  is 
formed  on  boiling.  The  precipitate  whi^  Vauquelin  &  Buchner 
{Repert,  14,  381)  obtained  by  boiling  a  solution  of  potash  saturated  with 
zinc-oxide,  and  which,  according  to  their  statement,  consists  of  zinc-oxide 
mixed  with  a  small  quantity  of  potash,  is  likewise  regarded  by  Schindler 
as  silicate  of  zinc-oxide  and  potash.  Water  added  to  the  mixture  throws 
down  a  large  quantity  of  zinc-oxide  containing  potash,  sulphuric  acid, 
and  water;  a  larger  quantity  of  water  precipitates  the  pure  hydrated 
oxide.  (Schindler.) — Zinc-oxide  boiled  with  aqueous  carbonate  of  potash 
extracts  potash  from  that  compound,  and  afterwards  exhibits  an  alkaline 
reaction  on  turmeric  paper;  the  potash  may  be  removed  from  it  by  long 
washing  with  water.  (Wackenroder.) 

C.  Carbonate  op  Zinc-oxids  and  Potash. — Zinco-potassic  Car- 
bonate, — A  zinc-salt  precipitated  by  excess  of  carbonate  of  potash  at 
ordinary  temperatures,  yields  a  stiff,  gelatinous  precipitate,  which  cakes 
together  in  drying,  and  consists  of  a  mixture  of  -J-carbonate  of  zinc  oxide 
(p.  12)  and  double  carbonate  of  zinc-oxide  and  potash.  Gives  off  all  its 
carbonic  acid  when  ignited.  (Schindler,  Mag,  Pharm.  36,  5Q.) 

D.  Sulphate  of  Zinc-oxide  and  Potash. — Zinco-poiasaic  Sulphate. 
— Crystallizes  in  the  san^e  form  as  sulphate  of  magnesia  and  ammonia. 
(Mitsch^rlich.)    Fig.  84;  y  :  w=102^  20';  u' :  w=:l08^ 40'.  (Teschemacber, 
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Ecutn,  Arch.  13,  197.)  Sp.  gr.  2.153.  (Kapp.)  The  ciystals  hare  an 
acid  reaction.  In  vacuo,  they  give  off  5  atoms  of  water  at  25'5°,  but  the 
sixth  they  retain  till  heated  to  121^  (Graham.)  Soluble  in  5  parts  of 
cold  water.  (Bucholz.  Junr.  li.  Tr.  9,  2,  26.) 

CryttaUized,  Bucfaob. 

KO 47-2      ....       21-32 18-2 

ZnO    40-2       ....       18-16  21-4 

2SO*  80-0       ....       36-13  36-2 

6HO    540       ....       24-39  245 

KO,  SO*  +  ZnO,  80>  +  6Aq;      2214       ....     10000         ZZ       100-3 

£.  Iodide  of  Zinc  and  Potassium. — Zinco-potcusic  Iodide. — A 
solution  of  iodide  of  zinc  and  iodide  of  potassium  evaporated  over  oil 
of  vitriol  under  a  receiver  containing  air,  yields  very  deliquescent  crystals. 
(Rammelsberg,  Po^g.  43,  665.) 


K 

2Zn 

31    

39-2 

64-4 

3780 

....       8-14 
....     13-37 
....     78-49 

Rammelsberg. 
8-92 
12-95 

KI 

2ZaI 

Or: 
...     165-2     ....     34-4 
...     316-4     ....     65-6 

KI,2ZnI.... 

481-6 

....  100-00 

481-6     ....  100-0 

F.  GnLORiDE  OF  Znfc  and  Potassium. — Zinco-patassic  Chloride. — 
The  preparation,  crystalline  form,  and  other  properties  of  this  compound 
are  precisely  similar  to  those  of  the  chloride  of  zinc  and  ammonium;  but 
it  deliquesces  more  rapidly.  (Schindler.) 

G.  Fluoride  of  Zinc  and  Potassium. — Zinco-potasnc  Fluoride. — 
KF,ZnF. — Colourless,  crystalline  granules,  soluble  in  water.  (Berzolius.) 

On  the  propertiefl  of  crystals  obtained  by  supersaturating  nitrate  of  zinc  with 
iodide  of  potassium,  and  containing  nitric  add,  vid.  Anthon,  Repert.  51,  115. 


Zinc  and  Sodium. 

A.  Alloy  of  Zinc  and  Sodium. — Four  rolumes  of  zinc-filings  unite 
with  1  Tolume  of  sodium  at  a  dull  red  heat,  and  form  a  bluish-grey, 
brittle  alloy  which  has  a  finely  laminar  texture,  oxidates  slowly  in  the 
air,  and  effervesces  slightly  with  water,  but  strongly  with  aqueous  acids. 
(Gay-Lussac  and  Th^nard.) 

B.  Zinc-oxide  with  Soda. — Hydrated  zinc-oxide  dissolves  readily  in 
aqueous  solution  of  soda;  metallic  zinc  only  when  heat  is  applied;  it  then 
dissolves  with  evolution  of  hydrogen.  (Lassonne.)  The  solution,  when 
exposed  to  the  air,  deposits  small  shining  crystals  of  hydrated  obasio 
zinc-carbonate.  (Wohler.)  Zinc-oxide  boiled  with  solution  of  carbonate 
of  soda  extracts  from  it  ouly  a  trace  of  soda;  if  sulphate  of  soda  is  mixed 
with  the  solution,  the  zino-oxide  extracts  from  it  both  soda  and  sulphuric 
acid,  which  it  retains  with  great  obstinacy.  (Wackenroder.) 

C.  Carbonate  of  Zinc-oxide  and  Soda. — Zincosodic  Carbonate. — 
Zinc  dissolves  slowly  in  aqueous  carbonate  of  soda,  with  evolution  of 
hydrogen.  The  solution,  set  aside  for  a  few  days,  deposits  small,  colour- 
less,  strongly  lustrous,  hard,  regular  tetrahedrons  and  octahedrons,  having 
their  edges  and  solid  angles  truncated.     They  become  opaque  when 
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heated^  and  tarn  yellow  on  ignition;  and  if  afterwards  treated  with  water, 
thej  yield  a  solution  of  carbonate  of  soda  and  a  residue  of  pure  oxide  of 
zinc.  (Wohler,  Po^^.  28,  616.)  Oxide  of  zinc  does  not  disi«olve  in  car- 
bonate of  soda  fused  before  the  blowpipe. 

B.  Zinc-oxide  dissolves  in  Borax  and  in  Microcotmic  salt,  yielding  a 
clear  glass  which  becomes  milk-white  on  gentle  flaming,  and  if  the  zmc- 
oxide  is  in  excess,  becomes  enamel-white  on  cooling. 

E.  SuLPHATB  OF  ZiNC-oxiDE  AND  SoDA. — Ziftoo-iodic  StUphcUe.'^ 
Separates  from  a  solution  of  zinc-yitriol  and  bisulphate  of  soda,  when 
evaporated  in  vacuo  over  oil  of  vitriol.  (Graham.)  According  to 
Graham,  monosulphate  of  soda  and  zinc-vitriol,  mixed  in  any  propor- 
tions whatever,  do  not  yield  this  doable  salt,  but  each  salt  crystallizes 
out  by  itself.  Karsten,  on  the  other  hand  {Schrift  d.  Berl,  Akad.  1841), 
obtained  crystals  of  the  double  salt,  both  by  mixing  Glauber's  salt  with  a 
saturated  solution  of  zinc- vitriol,  and  setting  the  mixture  aside  for  a  few 
days,  and  likewise  by  dissolving  zinc-vitriol  at  ordinary  temperatures  in 
a  saturated  solution  of  Glauber's  salt,  and  leaving  the  mixture  to 
evaporate  either  spontaneously  or  with  the  aid  of  heat;  it  was  only 
when  the  mixture  was  strongly  heated  and  then  suddenly  cooled,  that 
the  two  salts  crystallized  out  separately.  Karsten  likewise  obtained  the 
double  salt  with  common  salt  and  zinc -vitriol. 

The  dehydrated  salt  melts  without  decomposition  at  an  incipient  red- 
heat,  and  on  cooling,  solidifies  in  a  white,  opaque  mass.  The  salt  crys- 
tallizes in  tables  contains  4  atoms  of  water;  it  deliquesces  only  in  moist 
air,  and  when  dissolved  in  water,  separat€»B  into  the  two  simple  salts. 
(Graham,  Phil,  Mag,  J,  18,  417.) 

F.  Iodide  op  Zinc  and  Sodium. — Zinco-sodxc  Iodide, — Preparation 
and  properties,  similar  to  those  of  the  potassium -salt.  (Rammelsberg.) 

CryUallized,  Rammelsberg. 

Na  23-2      ....        6-94  6*95 

Zo  32*2       ....         9-62  94 1 

21    252-0      ....       75-36  7485 

3HO    27-0      ....        8-08 

NaI,ZnI  +  3Aq 3344       ....     10000 

G.  Chloride  op  Zinc  and  Sodium. — Zinco-iodic  Chloride, — An 
aqueous  solution  of  common  salt  and  zinc-chloride  quickly  evaporated 
yields  six-sided  laminsB,  having  a  sharp  taste,  and  easily  soluble.  If  the 
solution  be  slowly  evaporated,  the  chloride  of  sodium  crystallizes  out 
alone.  (Schindler,  Mag,  Pharm,  36,  48.) 


Zinc  and  Barium. 

Iodide  of  Zino  and  Barium. — Zinco-haryiic  7o<fuftf.~-Preparation 
and  properties  similar  to  those  of  the  potassium-salt. 

Cryttallized,  Rammelsberg. 

Ba  68-6      ....       13'42  11-71 

2Zn    64-4       ....       12-60  1280 

31  3780       ....       73-98 

BaI,2Zal 511-0      ....     10000 
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Baryta,  strontia,  and  lime  dissolved  in  •vrater,  and  mixed  with  the 
compound  of  zinc-oxide  and  aramt>nia,  deprive  that  compound  of  pott  of 
its  zinc-oxide,  and  aire  precipitated  in  combination  with  that  oxide. 
(Berzelius.) 

Zinc  and  Magnesium. 

Sulphate  of  zinc -oxide  and  Magnesia. — Zinca-magnesic  Sulphate^ 
—Sulphate  of  magnesia  dissolves  in  a  cold  saturated  solution  of  zinc- 
jitriol  forming  a  clear  liquid  at  first;  bftt  aliter  awhile,  the  double  salt  is 
deposited.  (Karsten.) 

Zinc  and  Aluminum. 

A.  Aluminate  OF  ZiNC-oxtDB.— «.  GokniU. — ^Regular  octohedrons; 
sp.  gr.  4*23.  Harder  than  quarts;  translucent,  green;  yields  a  pale 
bluish-greeii  powder.  Does  not  fuse  before  the  blowpipe;  bakes  together 
with  carbonate  of  soda  without  dissolving  in  it,  and  forms  a  dark- 
coloured  slag,  which,  when  finely  pulverized,  forms  a  deposit  of  zioe- oxide 
upon  the  charcoal;  dissolves  sparingly  and  with  great  difficulty  in  borax 
or  in  microcosmic  salt;  dissolves  in  a  mixture  of  borax  and  carbonate 
of  soda,  forming  a  clear  |^las8  coloured  by  iron.  (Bers^ios.)  Insoluble 
in  aqueous  acids  and  alkalis. 

Abichk 


MgO 

ZnO .. 

FeO 

APO» 

Si03.. 


Otthnite. 

¥Uk]uiL 

AsmlCft. 

6-25 

2-22 

40-2      .... 

4d-9 

3002 

34-80 

6-85 

4-56 

51-4      .... 

561 

5514 

57-09 

3-84 

1-22 

91-6      .... 

1000 

10010 

99-88 

ZnCAlW  91-6 

Part  of  the  ZnO  is  replaced  by  MgO  and  FeO. 

b.  Hydrate  of  alumina  abstracts  the  zinc-oxide  from  the  aqueous 
solution  of  the  compound  of  zinc- oxide  and  ammonia;  aluminate  oi  zinc- 
oxide  is  likewise  precipitated  on  mixing  the  compound  of  zinc-oxide  and 
ammonia  with  a  saturated  solution  of  hydrate  of  alumina  in  potash. 
This  compound  is  soluble  in  potash.  (Berzelius.)  The  compound  of  zinc- 
oxide  and  potash  likewise  forms,  with  aluminate  of  pota8l^  a  precipitate 
soluble  in  excess  of  potash.  (Sander,  Ann.  Fharm.  9,  181.) 

B.  Sulphate  OF  Alumina  AND  ZiNG-oxiDB.--^ino^^m=ZnO,SO''f 
AlW,3SOH24Aq.  (Kane.) 

C.  Fluoride  op  Aluminum  and  Zinc. — ZnP,APF'. — Formed  by 
evaporating  the  aqueous  solution  of  hydrofluate  of  zinc-oxide  and  hydro- 
fluate  of  alumina.  Long,  colourless  needles,  slowly  but  completely 
'Soluble  in  water.  Ammonia  added  to  the  solution  throws  down  aluminate 
of  zinc-oxide.  (Berzelius.) 


ZlN<5  AND  SiLICIUM.  ■ 

A.  Silicate  op   Ziuc-oilxt}^.^-^ Zinc-glance    or  SUiceoHs  Calamine 
occurs  in  transparent  and  odourless  crystals,  belonging  ti^  the  right 
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-J^nsmatic  systotn.  Right  rhombic  pmms,  having  the  obtuse  (rarely  also 
the  acute)  lateral  edges  replaced  by  planes,  with  two  bevelliug  surfaces 
resting  sometimes  on  the  two  acute^  sometimes  on  the  two  obtuse  lateral 
edges.  Cleayage  parallel  to  u  and  p,  Sp.  gr.  3*38.  Harder  than  felspar. 
— Decrepitates  slightly  when  heated,  losing  water  and  becoming  opaque; 
does  not  fuse  before  the  blowpipe,  but  swells  up  when  strongly  ignited; 
-itttamesces  slighUy  with  carbonate  of  soda  but  does  not  dissolve  in  it,  and 
^ves,  thongti  not  readily,  a  deposit  of  zinc-oxide.  In  borax  or  micros 
CKMfinic  Bait,  it  futfes  to  a  transpaf^nt  glass,  whieh,  however,  become^ 
turbid  on  cooling.  With  nitrate  of  cobalt  it  assumes  a  greeta  colour 
when  gently  heated,  light-blue  on  the  edges  when  more  strongly  ignited. 
(Berzelius.)  Dissolves  readily  in  acids,  with  separation  of  a  siliceoua 
jelly;  dissolves  for  the  most  part  in  caostic  potash. 

Beneliul.         Berthwr.        SmithsoB'. 
Umbarg.  ^reisgan.  AeUbanyo. 

22nd td'A    ....     66-78     ....      66-37  ....      64-5  ....      683 

SiO*  81^     ....     25-75     ....       2623  ....       25*5  ....       25*6 

HO «0     ....       7-47      ....         7-40  l«-0  ....         4-4 

2ZnO,SlO*  +  Aq.    120-4     ....  lOO'Ot)     ....     10000       ....     1000       Z.       97-7 

The  same  compound  occurs  in  the  anhydrous  state  but  impure,  as 
WUliamtite  or  ffebetine. 

6.  Htdratbd  Fluoride  of  Siltciitm  and  Zinc,  or  Hn>itoFLiTA.TB 
OF  SfLTCA  AND  ZiNC-oxiDE. — A  solutioA  of  zinc-^xido  in  hydtofluosilicie 
acid  yields,  when  evaporated  at  a  high  temperature,  three  and  six-sided, 
transparent,  colourless  prisms,  permanent  in  the  air,  and  yery  easily 
soluble  in  water;  ZnF,SiF*  +  7Aq.  (Berzelius.) 

C.  Silicate  of  Zinc-oxide  and  Potash. — Separates  in  white  flakes 
when  zinc  in  contact  with  iron  is  dissolved  in  potash-ley  containing  silica. 
The  flakes  contain  water;  they  dissolve  in  excess  of  caustic  potash,  and 
likewise^  with  separatioi  of  a  jelly,  in  acids.  (Schindler.) 

Zinc  and  Tungsten. 

A.  TuNGSTATE  OF  ZiNCOXiDE. — ^Whito  powdoT,  insoluble  in  water. 

B.  SuLPH0TUNO6TATte  OF  ZiNC. — ZnS,  WS*.  The  mixture  of  an 
aqueous  zinc-salt  with  sulphotungstate  of  potassium  gives  after  24  hours, 
a.  pale  yellow«  polvemleiit  precipitate.  (Berzelius.) 

ZInc  and  Molybdenum. 

A.  Molv^date  b^  Ziyc-oxiDE.— Formed  by  precipitating  a  zinc^ 
telt  with  molybdate  of  ammonia.  Yellowish -white  powder,  sparingly 
soluble  in  water,  more  easily  soluble  in  acids,  and  containing)  according 
to  Brandos,  d<(  25  sinc-oxide  and  63*75  molybdic  acid. 

b.  S\^Lpgo^OLVBDATB  OF  ZiNC.-^Dark  brown  precipitate,  insoluble 
in  water.  (Berzelius^) 

C.  Persdlphomoltbdate  of  Zinc — Red  precipitate.  (Berzelius.) 
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D  and  E.  Molybdatb  of  Zinc-oxide  and  Ammonia,  and  Molvb- 
DATE  of  Zinc-oxide  and  Potasu. — Both  these  double  salts  are  soluble 
in  water.  (Berzellus.) 

Zinc  and  Vanadium. 


Vanadiate  of  Zinc-oxide. — a.  Monovanadiate, — By  double  decom- 
position. White  precipitate,  insoluble  in  water,  even  at  a  boiling  heat. 
6.  Bivanadiate. — Transparent,  orange-jellow  crystals,  soluble  in  water. 
(Berzelius.) 

Zinc  and  Chromium. 


Chromate  of  Zinc-oxide. — a.  Dichromate. — The  yellow  precipitate 
which  monochromate  of  potash  produces  in  a  solution  of  zinc-vitriol. 
(Thomson,  Phil.  Mag,  Ann.  3,  81.)  When  the  chromate  of  potash  is 
dropt  into  a  boiling  solution  of  zinc- vitriol,  the  precipitate  formed  has  a 
peculiarly  fine  yellow  colour.  (Bensch.)  The  supernatant  liquid  remains 
yellow  even  when  the  zinc-salt  is  in  excess.  [It  probably  contains  bi- 
chromate of  potash.]  Zinc-salts  are  not  precipitated  by  bichromate  of 
potash.  (Wohler.) 

6.  Monochromate. — A  solution  of  zinc-carbonate  in  aqueous  chromic 
acid  yields  transparent,  topaz-yellow  crystals,  having  the  form  of  zinc- 
vitriol  and  a  specific  gravity  of  2*096  at  15°.  The  crystals  are  easily 
soluble  in  water,  and  when  heated,  dissolve  in  their  water  of  crystalliza- 
tion; the  dehydrated  salt  is  strongly  heated  by  contact  with  water. 
(Kopp,  Ann,  Pharm,  42,  98.) 

Kopp. 

ZnO,CrO»    922       ....       59-41         57-8 

7HO 630       ....       40-59         42-2 

ZnO,  Cr03  +  7Aq....       155'2       ....     100-00        IZ!       100-0 

IT  By  subsequent  examination,  Kopp  has  discovered  that  the  crystals 
which  he  originally  took  for  pure  chromate  of  zinc-oxide,  really  consisted 
of  ordinary  zinc-sulphate  containing  small  quantities  of  zinc-chromate 
intimately  bound  up  with  them:  the  crystals  when  dissolved  in  water 
gave  the  reactions  of  chromic  acid,  but  contained  only  3*5  per  cent,  of 
that  acid,  instead  of  33*6  as  required  by  the  formula,  ZnO,  UrO'-H7Aq. 
The  formation  of  the  zinc-sulphate  is  due  to  the  presence  of  sulphuric 
acid  in  the  chromic  acid  used  in  the  preparation.  (Ann,  Pharm,  57, 
386.)  IF 

B.  Chromate  of  Zinc-oxide  and  Potash. — Zinco-potassic  Chromate. 
If  the  yellow  flocculent  precipitate  obtained  by  mixing  zinc-vitriol  with 
monochromate  of  potash  be  left  immersed  in  the  liquid  for  24  hours,  it 
changes  to  an  orange-yellow  powder,  which  is  a  compound  of  chromate  of 
potash  with  chromate  of  zinc-oxide.  It  loses  by  ignition  15  per  cent,  of 
oxygen  and  water,  and  leaves  a  dark  brown  powder  from  which  water 
extracts  a  quantity  of  monochromate  of  potash  amounting  to  21  per  cent, 
of  the  double  salt,  and  leaves  violet-brown  Chromite  of  Zinc-oxide,  which 
dissolves  in  oil  of  vitriol,  forming  a  dark-green  solution.  The  double 
salt  is  slightly  soluble  in  cold  water  and  imparts  a  yellow  colour  to  large 
quantities  of  it;  in  boiling  water  it  forms  a  deep  yellow  solution,  with 
separation  of  a  lighter-coloured  salt,  probably  basic.  (Wbhler,  Berzelizu 
Lehrb,  4,  487.) 
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Zinc  and  Uranium. 

Uranatb  of  Zinc-oxide. — 1.  By  precipitatiug  sinco-nranic  acetate 
with  baryta-water. — 2.  When  urauic  nitrate  is  precipitated  by  zinc,  the 
zinc  becomes  covered  with  a  solid  yellow  film  of  uranate  of  zinc-oxide, 
which  prevents  farther  combination.  (Wertheim,  J,  pr,  Chem.  29,  227.) 

Zinc  and  Manganese. 
Pebmanoanatb  of  Zinc-oxide. — Deliquescent.  (Mitscherlich.) 

Zinc  and  Arsenic. 


A.  Arsenide  of  Zinc. — a.  When  75*2  parts  (1  At.)  of  arsenic- 
powder  is  brought  in  contact  with  128*8  parts  (4  At.)  of  zinc  fused  but 
not  red-hot,  combination  takes  place,  the  whole  mass  glowing  vividly 
with  a  dark  red  light,  and  some  of  the  arsenic  volatilizing.  (A.  Vogel.) 
5.  With  642  parts  (2  At.)  zinc  and  75*2  parts  (1  At.)  arsenic  similarly 
treated,  the  ignition  is  less  vivid,  because  the  resulting  compound  is  less 
fusible  and  solidifies  more  quickly.  This  compound,  when  treated  with 
hydrochloric  acid,  gives  off  pure  arseniuretted  hydrogen,  without  any 
admixture  of  free  hydrogen.  (A.  Vogel,  /.  pr,  Chem.  6,  345.)  100  parts 
of  zinc-turnings  heated  with  100  parts  of  arsenic-powder  combine  without 
ignition  and  yield  172  parts  of  a  very  brittle  alloy.  (Geblen.)  Equal 
parts  of  granulated  zinc  and  pulverized  arsenic  heated  in  an  earthen 
retort  at  a  gradually  increasing  temperature,  yield  a  well -fused,  grey, 
brittle  alloy,  having  a  fine-grained  fracture;  this  alloy,  when  dissolved  in 
dilute  sulphuric  acid,  evolves  pure  arseniuretted  hydrogen  gas,  and  leaves 
a  grey  metallic  powder  which  contains  excess  of  arsenic,  gives  off  that 
excess  when  heated,  and  is  thereby  rendered  soluble  in  acids.  (Soubeiran.) 
Arsenide  of  zinc  is  likewise  obtained  by  heating  zinc  with  arsenious  acid, 
(Bergman.)  With  2  parts  of  zinc-cuttings  and  1  part  of  arsenious  acid, 
the  reaction  takes  place  with  combustion  and  explosion.  (Gehlen.) 

B.  Arseniate  of  Zinc-oxide  or  Zinc- arseni ate. — Tris-arseniate. 
When  di-arseniate  of  ammonia,  potash,  or  soda  is  mixed  with  a  zinc -salt, 
the  liquid  turns  sour,  and  tris-arseniate  of  zinc-oxide  is  precipitated. 
(Mitscherlich.)  The  precipitate  formed  by  arsenic  acid  in  a  solution  of 
zinc-acetate  is  either  the  same  salt,  or  a  di-arseniate.  White  powder, 
insoluble  in  water,  but  soluble  in  arsenic  and  nitric  acid.  Hydrogen  gas 
passed  over  the  ignited  salt,  decomposes  it,  according  to  Soubeiran,  into 
water,  arsenic,  and  zinc-oxide,  the  latter  remaining  behind. 

b.  Acid  Sale.  Formed  by  dissolving  zinc,  the  oxide,  or  the  salt  a  in 
arsenic  acid.  When  metallic  zinc  is  used,  arseniuretted  hydrogen  is  given 
off,  and  solid  arsenide  of  hydrogen  separates  in  the  form  of  a  brown  powder. 
The  acid  solution  yields  cubes  on  evaporation.  (Berzelius.)  When  com- 
pletely saturated  with  zinc,  it  solidifies  to  a  transparent  jelly.  (Fischer, 
Fopsf'  9,  261.) 

C.  Htposulfharsenite  of  Zinc. — Yellowish  red.  (Berzelius.) 

D.  Sulpharsenite  of  Zinc. — Hydrosulphate  of  soda  saturated  with 
arsenious  sulphide,  forms,  with  neutral  zinc-salts,  a  bulky,  lemon-yellow 

TOL.   V.  E 
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precipitate  which  becomes  orange-yellow  on  drying.  This,  when  gently 
heated,  gives  off  part  of  the  arsenious  sulphide,  and  leaves  a  hard,  yellow, 
agglomerated  compound  of  zinc-sulphide  with  a  small  quantity  of  arsenious 
sulphide;  the  latter  is  completely  driven  off  at  the  melting  point  of  glass. 
(BerzeliuB,  Pogg,  7,  145.) 


E*  SvLPBAtusEKiATB  OP  ZiNC.^-<i.  Terhonc  «aft.--3ZnS,A6S^ — By 
precipitating  a  zinc-salt  with  trisulpharseniate  of  sodium.  Pale  yellow 
flakes,  which,  when  dry,  yield  an  orange -yellow  powder.— d.  Bihasic, 
2ZnS,  AsS^.  By  precipitatmg  with  disulpharseniate  of  sodium.  Forms 
somewhat  brighter  yellow  flakes,  but  exhibits  the  same  colour  as  a  when 
dry.  (Berzelius.) — c.  Monobasic. — When  zinc-oxide  and  arsenic  acid  are 
dissolved  together,  even  in  a  very  large  excess  of  hydrochloric  or  sulphuric 
acid,  sulphuretted  hydrogen  precipitates  the  whole  of  the  zinc  [provided 
the  quantity  of  arsenic  acid  is  sufiicientj  in  the  form  of  yellow  ZnS,  AbS*. 
But  if  the  arsenic  acid  be  previously  reduced  to  the  state  of  arsenious  acid 
by  the  action  of  sulphurous  acid,  sulphuretted  hydrogen  precipitates  only 
tersulphide  of  arsenic,  and  leaves  all  the  zinc  in  solution.  (Wbhler, 
Jahresb.  21,  2,  150.) 

F.  Arseniate  op  Zinc-oxide  with  Ammonia. — Formed  by  mixing 
bydrochlorate  of  zinc-oxide  with  a  quantity  of  sal-ammoniac  sufficient  to 
prevent  precipitation  by  ammonia,  and  then  digesting  the  solution  with  a 
mixture  of  ammonia  and  arseniate  of  potash.  The  precipitate,  which  is 
flocculent  at  first  and  afterwards  becomes  crystalline,  forms,  after  pressure 
between  paper  and  drying,  a  white  powder,  soluble  in  acids,  ammonia, 
and  potash,  but  not  in  water.  At  1 00'^  it  gives  off  the  greater  part  of  its 
water  with  a  portion  of  ammonia,  and  on  ignition  leaves  a  residue 
amounting  to  84*33  per  cent.,  and  consisting  of  43*57  zinc-oxide  with 
40'76  arsenious  acid.  (Bette,  Ann.  Pharm.  15,  141.) 


3ZnO 

AsO* 

3HO 


Bette. 

17*0 

..••         O  w5            ••■■ 

5*97 

120*6 

....     43*13 

43*57 

1150 

.•..      4i*lo          •••• 

40*76 

27*0 

9-66 

9-70 

NH»  +  3ZnO,A80*  +  3Aq.       279*6     ....  10000 10000 


Zinc  and  Antimony. 

A.  Antimonide  op  Zinc. — These  two  metals  fuse  together  with 
facility — and,  according  to  Gehlen  and  A.  Vogel,  without  emission  of 
light — and  form  a  hard,  brittle,  steel-coloured  alloy,  whose  density  is  less 
than  the  medium  density  of  its  elements.  (Gellert.) 

B.  ANTiMONiATte  OP  ZiNC-oxiDE. — The  precipitate  formed  m  a 
solution  of  zinc-vitriol  by  a  small  quantity  of  antimoniate  of  potash  dis- 
appears again,  and  does  not  become  permanent  till  a  larger  quantity  of 
antimoniate  of  potash  is  added;  white  crystalline  grains  are  then  depo- 
sited, in  the  course  of  a  few  hours,  on  the  sides  of  the  vessel.  The  salt 
when  heated,  gives  off  all  its  water  and  turns  yellow,  but  without  any 
appearance  of  luminosity.  It  does  not  fuse  before  the  blowpipe  on  char- 
coal and  can  only  be  reduced  by  addition  of  an  alkali;  it  is  very  slightly 
-soluble  in  water.  (Berzelius.) 
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C.  SuLPHANTiMONiATB  OF  ZiNC. — 3ZnS,SbS^  Zinc-yltriol  dropt 
into  excess  of  aqueous  salphautimoniate  of  sodium,  forms  a  deep  orange- 
jeUow^  precipitate,  which  dissolves  in  the  liquid  on  boiling,  and  passes 
through  the  filter  during  washing.  If  the  zinc-sulphate  be  added  in 
excess  and  the  liquid  boiled  for  a  short  time,  a  deep  orange-yellow  preci- 
pitate is  formed,  which  dries  up  to  a  brown-red  mass  having  a  shining 
fracture.  This  substance,  when  ignited  in  a  retort,  yields  sulphurous  acia 
and  sulphur,  and  leaves  a  half-fused  residue  amounting  to  82*9  per  cent. 
It  dissolves  in  boiling  hydrochloric  acid.  In  caustic  potash  it  dissolves 
with  separation  of  zinc-sulphide,  and  forms  a  yellow  solution,  from  which 
acids  precipitate  pentasnlphide  of  antimony,  with  slight  evolution  of 
sulphuretted  hydrogen.  (Rammelsberg,  Pogg,  53,  223.) 

Rammekberg. 

4Zn 128-8       ....      32-71        30-85 

Sb   1290      ....       32-76        80-81 

8S  1280      ....       32-50        33-17 

O    80       ....         203 

3ZdS,  8bS*  +  ZnO 893*8      ....     100-00 

ZlKC   AND   TELLURItTM. 

A.  Tellt7ride  or  Zinc. — These  metals  when  heated  unite  with 
great  evolution  of  heat,  and  form  a  grey,  porous,  difficultly  soluble  alloy, 
having  a  metallic  lustre  and  crystalline  fracture,  insoluble  in  strong 
sulphuric  or  hydrochloric  acid.  (Berzelins,  Lehrb,  3,  384.) 

B.  Tellcritr  of  Zinc-oxtdb.-— By  double  deoompositLtm »  White 
flakes.  (Berzelius.) 

C.  SuLPHOTBLLtTRiTB  OF  ZiNC.—3ZnS,TeS*.— By  double  decomposi- 
tion. The  precipitate,  which  is  light-yellow  at  first,  gradually  turns 
brown.  (Berzelius.) 

Zinc  and  Bismuth. 

Alloy  of  2ine  and  Bismuth  9 ^-Th^  two  metals  will  not  unite  by 
fusion.  (Cramer.)  On  melting  them  together  in  equal  parts,  two  layers 
are  formed,  the  upper  consisting  of  zinc,  the  lower  of  bismuth  contain  in  fi^ 
a  small  quantity  of  zinc,  and  therefore  of  a  lighter  red;  finer-grained  and 
more  brittle  than  pure  bismuth,  but  expanding  with  equal  force  as  it 
solidifies.  (Marx,  Schw.  58,  465.)  By  fusing  together  16- 12  pts.  (6  At.) 
zinc  and  17'73  pts.  (1  At.)  bismuth,  an  upper  layer  is  formed,  consisting 
of  zinc  and  amounting  to  13'40  parts,  and  a  lower  layer,  amounting  to 
19*40  parts  and  consisting  of  bismuth,  which,  where  it  borders  on  the 
zinc,  is  somewhat  more  laminar,  in  consequence  of  admixture  of  zinc; 
but  no  chemical  compound  is  obtained.  (Foumet,  Ann,  Chim.  Phys*  24, 
247.) 

Other  CoHPotJNM  of  Zinc. 

With  Tin,  Lead,  Iron,  Cobalt,  Nickel,  Copper,  Meronryi  Silver,  Gold, 
Platinnm,  and  Palladinm.  Very  small  quantities  of  tin,  lead,  iron, 
copper,  or  mercury,  diminish  the  solidity  of  zinc;  a  very  small  quantity  of 
iron  or  copper  accelerates  its  solution  in  acids;  a  very  small  quantity  of 
lead  or  mercury,  especially  the  latter,  retards  Uis  eolation.  (Karsten, 
J.pr.  CTm.  16,  380.)  b2 
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Stromeyer.    Sckw.  22,  262;  abstr.  GUb.  60,  193. 

Hermann.     GHh.  59,  95  and  113;  66,  276. 

Meissner.     GUh,  59,  99. 

Roloff.     Berl  Jahrh,  1819,  250;  GUb.  70,  194. 

Karsten.     Arckiv.  f.  Berghau  und  HuUenwesen,    1,  209;  abstr.  Berl, 

./oArft.  1819,  244. 
John,  ins.     Handw'drterhich  der  Chemie,  3,  299;  also  Berl.  Jahrb,  1819, 

2 45. —Further:  Berl.  Jahrh.  1820,  365. 
Children.     Phil  Mag.  No.  259,  63;  also  Sckw.  24,  441. 
Clarke.     Ann.  PhU.  15,  272;  also  Schw.  30,  222.— Further:  Ann.  Phil. 

18,  123;  3,  195. 
Herapath.    Ann.  PhU.  19,  435. 


Stkonymes.    Klaprothiumy  Melinum. 

History.  Cadmium  appears  to  hare  been  discovered  about  the  same 
time — in  the  spring  of  1818 — hj  Stromeyer  and  by  Hermann;  the  more 
accurate  investigation  of  it  is,  however,  due  to  Stromeyer. 


Sources.  As  sulphide  of  cadmium; — also  in  small  quantity  in  several 
varieties  of  Calamine  and  Blende,  namely,  in  the  radiated  Blende  of 
Przibram,  to  the  amount  of  2  or  3  per  cent.  (Stromeyer.)  In  the  Blende 
of  Nuissi^re  to  the  amount  of  1*136  per  cent.  (Damour,  •/.  pr.  Chem.  13, 
354.)  In  silicate  of  zinc  from  Freiberg  and  from  Derbyshire;  in  carbonate 
of  zinc  from  Mendip:  in  carbonate  and  silicate  of  zinc  from  the  Cumber- 
land mines;  in  commercial  English  zinc;  but  not  in  the  carbonate  of  zinc 
from  Holywell,  or  in  the  silicate  from  Hungary.  (Clarke.)  The  flowers 
of  zinc  obtained  in  the  preparation  of  zinc  from  calamine  in  Silesia 
(p.  1)  likewise  contain  about  3  per  cent  of  cadmium.  All  these 
bodies,  when  heated  in  the  inner  blowpipe-flame,  form  a  red  deposit  on 
charcoal  or  on  platinum. 

Preparation.  1 .  Cadmiferous  zinc,  oxide  of  zinc,  or  zinc  ore,  is  dis- 
solved in  dilute  sulphuric  acid;  the  solution  supersaturated  with  acid;  the 
cadmium  precipitated  by  sulphuretted  hydrogen;  the  sulphide  of  cadmium 
washed  and  dissolved  in  strong  hydrochloric  acid;  the  excess  of  that  acid 
expelled  by  evaporation;  and  the  cadmium  precipitated  as  a  carbonate 
by  means  of  carbonate  of  ammonia,  which  is  added  in  slight  excess,  in 
order  to  re-dissolve  anv  copper  or  zinc  that  may  be  mixed  with  the 
cadmium.  The  oxide  of  cadmium,  after  being  washed  and  then  heated 
to  redness  to  free  it  from  carbonic  acid,  is  mixed  with  thoroughly  ignited 
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lamp-black,  and  heated  to  redness  in  glass  or  earthen  retorts:  the  metal 
then  distils  over.  (Stromejer.) — John  treats  the  cadniiferous  zinc  with  a 
quantity  of  dilute  sulpharic  acid,  not  snfiicient  to  dissolve  it, — whereupon 
the  dissolved  cadmium  is  precipitated  by  the  excess  of  zinc  in  grey 
flakes.  These  flakes  are  dissolved  in  dilute  sulphuric  acid — the  solution 
evaporated  to  dryness — the  residue  dissolved  in  water — the  solution 
acidulated  with  hydrochloric  acid — and  the  cadmium  precipitated  from  it 
by  zinc. — 3.  John  treats  the  solution  of  cadmiferous  zinc-flowers  in 
snlphuric  acid  with  sulphuretted  hydrogen,  in  order  to  precipitate  the 
cadmium  in  the  form  of  sulphide— decomposes  the  precipitate  with  nitric 
acid— evaporates — dissolves  the  residue  in  dilute  hydrochloric  acid— and 
precipitates  the  cadmium  by  zinc. — 4.  In  the  distillation  of  zinc  in 
England,  the  cadmium-vapours,  being  the  more  volatile,  pass  over  before 
the  zinc-vapours,  and  burn  with  a  brown  flame,  forming  a  yellow,  brown, 
or  black  oxide,  which,  besides  sulphide  of  cadmium,  oxide  of  zinc,  and 
carbon,  contains  about  20  per  cent,  of  cadmic  oxide,  and  consequently, 
when  dissolved  in  hydrochloric  acid  and  precipitated  by  zinc,  yields  a 
large  quantity  of  cadmium,  which  may  be  purified  by  sublimation. 
(Herapath.) — 5.  In  Silesia,  cadmium  is  prepared  on  the  large  scale  from 
flowers  of  zinc,  by  gently  igniting  them  with  charcoal  powder  in  earthen 
tubes — collecting  the  metallic  powder  deposited  in  the  receiver  [still 
containing  zinc  to  the  amount  of  half  its  weight]  and  distilling  it  twice 
in  the  same  apparatus — and  finally  fusing  the  sublimed  metal  in  a  crucible 
with  tallow.  (HoU under,  Kastn,  Arch,  1 2, 245.)  It  is  not  easy  to  get  rid 
of  all  the  zinc  by  this  process. 

Properties,  Crystallizes  readily  in  octohedrons ;  has  a  dense  texture 
and  inoented  fracture.  Soft,  but  harder  and  more  coherent  than  tin; 
easily  cut  with  the  knife;  very  flexible;  very  easily  beaten  out  into  thin 
plates  or  drawn  into  wires.  (Stromeyer.)  "When  bent,  it  emits  a  crackling 
noise  like  tin.  Specific  gravity  after  fusion,  8*604  (Stromeyer),  8*6355 
(Karsten),  8'67  (Children),  8677  (Herapath),  875  (John);  after  ham- 
mering, 86944  (Stromeyer),  9*05  (Children).  Has  a  strong  lustre.  In 
colour  it  is  intermediate  between  tin  and  zinc.  Fuses  below  a  red  heat; 
volatilizes  somewhat  below  the  boiling  point  of  mercury,  and  without 
emitting  any  particular  odour.  (Stromeyer.) 


Compounds  of  Cadmium, 
Cadmium  and  Oxygen. 

A.   Suboxide  of  Cadmium  ? 

Oxalate  of  cadmic  oxide,  heated  in  a  retort  to  the  melting  point  of  lead, 
gives  off  water,  carbonic  acid,  and  marsh -gas,  and  is  converted  into  a 
green  powder.  Mercury  does  not  extract  any  metal  from  this  powder. 
When  heated  in  the  air,  it  glows  vividly,  gives  off  a  cloud  of  brown 
oxide,  and  leaves  a  mixture  of  metal  and  oxide,  which  partly  fuses 
together  in  the  form  of  golden-yellow  grains  of  oxide  mixed  with  metal. 
When  treated  with  dilute  sulphuric  acid,  it  effervesces  slightljr  from  the 
escape  of  carbonic  acid  still  retained  in  it,  and  yields  cadmic  oxide  to  the 
acid,  while  metallic  cadmium  remains  behind.  By  dissolving  it  in  nitric 
acid,  evaporating  to  dryness,  and  igniting,  106-13  parts  of  cadmic  oxide 
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are  obtained:  hence  it  contains  933  [92*9]  per  eent.  of  metal  and  67 

(7.1]  of  oxygen.  (Marchand,  Pogg.  38,  145.)    Its  eompoaition  is  there- 
ore  nearly  Cd*0. 

B.  Gadhic  Oxide. 

Protoitide  of  Cadmium,  Kadmiumoxyd,  Oxyde  cadmique. 

Cadmium  becomes  somewhat  tarnished  b^  exposure  to  the  air. 
(Stronieyer.)  In  moist  air  free  from  carbonic  acid,  it  remains  unchanged. 
When  immersed  in  water  and  exposed  to  air  free  from  carbonic  aoid,  it 
becomes  covered  with  a  white  powder,  probably  consisting  of  hydrated 
oxide;  in  air  containing  carbonic  acid,  it  acquires  a  whitish-grey  deposit, 
which  contains  carbonic  acid.  (Bonsdorff,  Fogg,  42,  336.)  When  exposed 
to  the  air  under  water  containing  -^^  of  potash  hydrate,  the  metal 
becomes  blackish-grey,  but  yellow  after  drying,  and  a  trace  of  oadmic 
oxide  dissolves  in  the  water.  (A.  Vogel,  J.  pr.  Chem.  14,  107.)  The 
metal  bums  easily  when  heated  in  the  air,  formjng  cadmic  oxide,  which 
rises  in  the  form  of  a  brownish-yellow,  inodorous  cloud.  (Stromeyer.) 
At  ordinary  temperatures  it  does  not  decompose  water,  unless  one  of  the 
stronger  acids,  such  as  sulphuric,  hydrochloric,  or  acetic  acid  is  present, 
the  decomposition  then  taking  place  with  slow  evolution  of  hydrogen 
gas.  (Stromeyer.)  Cadmium  decomposes  vapour  of  water  at  tempera- 
tures above  the  boiling  point — as  when  a  mixture  of  aqueous  vapour  and 
cadmium-vapour  Is  passed  through  a  red-hot  tube — the  products  being 
cadmic  oxide  and  hydrogen  gas.  (Regnault,  Ann.  Chim,  Phys.  62,  351.) 
It  oxidizes  and  dissolves  rapidly  in  cold  nitric  acid.  (Stromeyer.)  Cadmic 
oxide  is  obtained  by  burning  cadmium,  or  by  igniting  the  carbonate  or 
nitrate. 

Cadmic  oxide  is  a  powder,  sometimes  of  a  brownish-yellow,  sometimes 
of  a  brownish-red,  and  sometimes  of  a  dark  brown  colour.  Does  not  fuse,  or 
volatilize,  or  decompose,  even  at  the  most  intense  white  heat.  (Stromeyer.^ 
Specific  gravity  6*9302.  (Karsten.)  Herapath,  on  subliming  the  metal 
in  a  glass  tube  containing  air,  obtained  the  oxide  in  purple,  opaque 
needles,  o^gregated  in  stellate  masses. 

Stromeyer.  John. 

Cd 56     ....     87-5         87-45       90    —    91 

O   8     ....     12-5         12-55       10—9 

CdO  64     ....  1000        ~,.      10000      100    —  100 

CdO  =  696-77  +  100  =  79677.     (BerzcUus.) 

Charcoal  withdraws  oxygen  from  cadmic  oxide  at  a  low  red  heat.  The 
cadmium,  as  it  is  reduced  on  charcoal  before  the  blowpipe,  is  immediately 
burnt  again,  and  produces  a  brownish  yellow  or  a  red  film  upon  the 
oharcoaL 

Com&ina<u>n<,  a.  With  water. — Hydrate  of  Cadmic  Oxidb. — Formed 
by  prednitating  a  cadmic  salt  in  solution  by  caustic  potash.  IT  If  the 
solution  be  concentrated,  a  basic  salt  is  obtained;  but  from  a  dilute  solu- 
tion, the  hydrated  oxide  CdO,HO  is  obtained.  (Schaffner,  Ann,  Pharm, 
51,  173.)  %  White;  loses  its  water  at  a  red  heat;  absorbs  carbonic  acid 
from  the  air.  IT  Nickl^s  has  obtained  the  hydrated  oxide  in  the  crystal- 
line state  by  the  action  of  aqueous  ammonia  on  metallic  cadmium  placed 
in  contact  with  iron.  The  compound  thus  formed  had  nearly  the  oompo- 
sition  CdO,HO.  {J.  PKarm.  [3],  12,  61.)  ^ 
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h.  With  Acids,  fonning  the  Salts  of  Cadmic  Oxide,  or  Cadmic  Salts. 
— ^These  salts  are  mostly  colourless ;  those  which  are  soluble  in  water, 
redden  litmus;  thej  have  a  disagreeable  metallic  taste,  and  act  as  emetics. 
They  give  off  their  acid  by  ignition,  Brovided  the  acid  is  volatile. 
When  heated  with  carbonate  of  soda  on  charcoal  in  the  inner  blowpipe- 
flame,  they  form  a  yellow  or  brown-red  deposit  on  the  charcoa].  The 
solutions  of  these  salts  give  the  following  reactions  :  Zinc  throws  down 
metallic  cadmium  in  dendrites,  darkens  statement  that  cadmium  is  like- 
wise precipitated  by  iron,  is  contradicted  by  Meissner  and  Fischer. — Sul- 
phuretted hydrogen  passed  through  cadmic  solutions,  even  when  a  lar^e 
excess  of  acid  is  present,  precipitates  the  whole  of  the  cadmium  in  toe 
form  of  sulphide,  which  has  a  lemon-yellow  colour  at  first,  but  afterwards 
becomes  orange-yellow.  A  similar  effect  is  produced  bv  alkaline  hvdro- 
sulphates,  the  precipitate  being  insoluble  in  excess.  The  hydrated  sul- 
phides of  manganese,  iron,  cobalt,  and  nickel,  when  recently  precipitated, 
likewise  throw  down  sulphide  of  cadmium  from  cadmic  salts.  (Anthon. 
J.  pr.  Chem.  10,  353.) — Caustic  alkalis  throw  down  white  hydrate  of 
cadmic  oxide,  very  easily  soluble  in  a  slight  excess  of  ammonia,  but  in- 
soluble in  potash  or  soda.  Sulphuretted  hydrogen  likewise  precipitates 
sulphide  of  cadmium  from  the  solution  in  excess  of  ammonia. —  The 
monocarbonates  and  bicarbonates  of  ammonia,  potash,  and  soda^  throw 
down  white  carbonate  of  cadmic  oxide,  insoluble  in  excess  of  the  alkaline 
carbonates.  If  the  salt  contains  a  large  quantity  of  free  acid,  the  preci- 
pitate dissolves  in  excess  of  carbonate  of  ammonia,  but  not  otherwise. 
(Stromeyer.) — Phosphate  of  soda  throws  down  white  phosphate  of  cadmic 
oxide. — Oxalic  acid  and  alkaline  oxalates  precipitate  white  oxalate  of 
cadmic  oxide,  insoluble  in  alkaline  oxalates,  but  easily  soluble  in  ammonia. 
The  white  precipitate  produced  by  ferrocyanide  of  potassium,  and  the 
yellow  precipitate  produced  by  the  ferricyanide,  are  soluble  in  hydro- 
chloric acid.^— The  addition  of  hyposulphite  of  soda  and  hydrochloric  acid 
does  not  produce  a  precipitate  of  sulphide  of  cadmium  ;  neither  is  any 
precipitate  produced  by  chromic  acid,  succinic  acid,  alkaline  benzoates, 
or  tincture  of  galls.— ^Those  salts  of  cadmium  which  are  insoluble  in 
water  dissolye  in  sulphuric,  hydrochloric,  or  nitric  acid,  and  likewise  in 
cold  aqueous  solution  of  sulphate,  hydrochiorate,  nitrate,  or  benxoate  of 
ammoDift. 

c.  With  Ammonia  and  with  Borax. 


Cadmium  amd  Carson. 

Gabbokath  of  Cadmic    Oxidb,  or  Cadmic  Carbokatb. — ^White 

powder,  anhydrous  after  drying,  iBsolnble  in  water.  (Stromeyer.)   Specific 

grmrity  abo«t  4*4988.  (Karsten.) 

BtfODMjcr.  Jobn. 

CdO  64     ....     74-43        74-547        ....        72 

CO»    22     ....    26-58        25-453        ....         25 

CdO,CO»  ....      86     ....  10000        ~.      100000        Z.        99* 

H  According  to  Lefort  (J.  Fharm.  [3]  12,  406),  the  precipitate 
thrown  down  from  cadmium  solutions  by  alkaline  cartwnates  is  2(CdO, 
C0')  +  HO;  and  the  whole  of  the  water  goes  off  between  80''  and  120^ 
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Cadmium  and  Boron. 

Borate  op  Gadmic  Oxide  or  Cadmic  Borate. — By  precipitating 
monosulphate  of  cadmic  oxide  with  borax.  White  powder,  difficultly 
soluble  in  water.  Contains  72*115  cadmic  oxide  and  27'885  boracic  acid* 
(Stromeyer.) 

Cadmium  and  Phosphorus* 

A.  Phosphide  of  Cadmium. — Grey,  with  a  faint  metallic  lustre;  very 
brittle  and  difficult  to  fuse.  When  heated  in  the  air,  it  bums  with  a 
bright  flame,  and  is  converted  into  phosphate  of  cadmic  oxide.  Dissolves 
in  hydrochloric  acid,  with  evolution  of  phosphuretted  hydrogen. 

B.  Hypophosphite  of  Cadmic  Oxide  or  Cadmic  Hypophosphite. 
—Aqueous  hypophosphorous  acid,  saturated  in  the  cold  with  excess  of 
cadmic  carbonate,  then  filtered  and  evaporated  in  vacuo,  yields  small 
crystals.  These  crystals,  when  heated  in  a  retort,  give  off  a  considerable 
quantity  of  phosphorus  in  the  form  of  a  sublimate,  and  likewise  a  mixture 
of  hydrogen  and  phosphuretted  hydrogen — each  bubble  of  which  takes 
fire  spontaneously — and  leave  a  mixture  of  not  quite  1  part  of  brown 
phosphoric  oxide,  and  somewhat  more  than  99  parts  of  cadmic  phosphate, 
in  which  56*86  parts  of  cadmic  oxide  are  united  with  43*14  parts  of 
phosphoric  acid.  (H.  Rose,  Pogg,  12,  91.) 

C.  Phosphite  op  Cadmic  Oxide  or  Cadmic  PH0SPHiTE.^By  double 
affinity,  with  sulphate  of  cadmic  oxide  and  phosphite  of  ammonia.  The 
white  precipitate,  ignited  in  a  retort,  gives  off  pure  hydrogen  gas,  without 
evolution  of  light  and  heat,  but  with  sublimation  of  a  small  quantity  of 
metallic  cadmium,  and  leaves  a  fused  mass,  black  and  blistered  when 
solidified.  (H.  Rose,  Pogg,  9,  41.) 

D.  Ordinary  Phosphate  of  Cadmic  Oxide  or  Cadmic  Phosphate. — 
By  precipitating  a  cadmic  salt  with  diphosphate  of  soda.  White  powder, 
insoluble  in  water.  When  heated  to  incipient  whiteness,  it  fuses  to  a 
transparent  glass.  Contains  69*284  cadmic  oxide  and  30*716  phosphoric 
acid.  (Stromeyer.) 

IT  E.  Pyrophosphate  of  Cadmic  Oxide  or  Cadmic  Pyro- 
phosphate.—By  precipitating  sulphate  of  cadmic  oxide  with  pyro- 
phosphate of  soda.  White  powder,  which  sinks  slowly  to  the  bottom  of 
the  liquid — soluble  in  ammonia,  pyrophosphate  of  soda,  and  acids,  but 
insoluble  in  caustic  potash.  When  ignited  in  a  current  of  hydrogen,  it 
yields  a  sublimate  of  metallic  cadmium  and  phosphorous  acid,  while  a 
small  quantity  of  phosphuretted  hydrogen  is  evolved,  and  a  white  mass 
is  left,  containing  phosphoric  acid  and  cadmic  oxide.  It  dissolves  in 
sulphurous  acid,  and  is  precipitated  from  the  solution,  on  boiling,  in 
laminsB  having  a  mother-of-pearl  lustre. 

Schwarzenberg. 

2CdO 128-0       ....       6419        63-65 

fePO*  71-4      ....      35  81        36-35 

2CdO,6PO«   199-4      ....     100-00        100-00 

(Schwarzenberg,  wifin.  Pharm.  65,  153.)  T 
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F.  Metaphospbatb  of  Cadmic  Oxide  or  Gadhic  Metaphosphate. 
^Nitrate  of  cadmio  oxide  mixed,  first  with  metaphosphoric  acid,  and 
then  with  ammonia,  yields  a  precipitate  which  dissolves  in  excess  of 
ammonia,  hut  separates  again  when  the  solution  is  exposed  to  the  air* 
(Persoz,  Ann.  Chim.  Fhyt.  56,  334.) 

Cadmitth  and  Sulphur. 

A.  Sulphide  of  Cadmium. — Found  native  in  the  form  ol  Greenockite, 
Prepared  as  a  pigment  known  hj  the  name  of  Jaune  hriUanL  Formed 
with  difficulty  by  fusing  cadmium  with  sulphur, — more  readily  by  igniting 
cadmic  oxide  with  sulphur ;  precipitated  in  yellow  flakes  when  hydro- 
sulphuric  acid  or  an  alkaline  bydrosulphate  is  brought  in  contact  with  a 
cadmium  salt.  The  native  sulphide  crystallizes  in  double  six-sided 
pyramids  and  other  forms  of  the  hexagonal  system;  cleavage  parallel  to 
the  terminal  and  lateral  edges  of  a  six-sided  prism.  Specific  gravity, 
4*8  (Brooke),  4*908  (Breithaupt).  Hardness  eaual  to  that  of  calcspar. 
Of  diamond  lustre,  semi-transparent,  honey-yellow;  yields  an  orange- 
yellow  or  a  brick-red  powder ;  becomes  carmine-red  whenever  it  is 
beated.  Decrepitates  when  heated  somewhat  strongly.  (Brooke,  Breit- 
haupt.) The  artificial  sulphide,  in  the  precipitated  state,  is  an  orange- 
yellow  powder,  which,  when  heated  to  redness,  becomes  first  brownish 
and  then  carmine-red.  Fuses  at  an  incipient  white  heat,  and  solidifies  on 
eooling,  in  transparent,  lemon-yellow,  micaceous  laminw.  Not  volatile  at 
any  temperature.  (Stromeyer.)  Specific  gravity  of  the  fused  artificial 
sulphide,  4*605.  (Karsten.) 

Stromeyer.  Connell.  Thomson. 

Artificial.  Native.  Native, 

Cd   56      ....       77-77        ....        7802  ....        7730  ....        77*6 

8 16       ....       22-22         ....        21-98  ....         22-56  ....        22-4 

CdS 72       Z     100-00        Z.       100-00        Z         99-86        Z       100*0 

In  dilute  hydrochloric  acid  it  dissolves  with  difficulty,  even  when  the 
acid  is  heated;  but  if  the  acid  be  strong,  the  sulphide  dissolves  with  ease, 
even  at  ordinary  'temperatures,  with  violent  evolution  of  sulphuretted 
hydrogen,  and  without  separation  of  sulphur.  (Stromeyer.)  At  a  red 
heat,  it  slightly  decomposes  vapour  of  water;  at  a  white  heat,  cadmio 
oxide  is  formed.  (Reynault.)  Dissolves  in  nitric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  sulphur.  (Meissner.)  Very 
slightly  soluble  in  ammonia.  (Wackenroder,  Eepert.  46,  226.) 

B.  Sulphite  of  Cadmic  Oxide  or  Cadmic  Sulphite.  —  Cadmium 
dissolves  in  aqueous  sulphurous  acid,  and  forms  sulphite  of  cadmic  oxide, 
a  large  quantity  of  sulphide  of  cadmium  being  produced  at  the  same  time: 
for  the  hydrogen  gas  evolved  by  the  action  of  the  sulphurous  acid  on 
the  metal,  acts  while  in  the  nascent  state  on  a  portion  of  the  sulphurous 
acid,  and  forms  hydrosulphuric  acid ;  and  this,  again,  precipitates  a  por- 
tion of  the  dissolved  cadmic  oxide  in  the  form  of  sulphide.  (Fordos  & 
Gelis,  Compt.  rend.  16,  1070;  also  J.  pr.  Chem.  29,  288.) 

3Cd  +  3H0  +  3SO«  =  3(CdO,  SO^)  +  3H ; 
and  3H  +  S0«=  HS  +  2H0; 

and  3(CdO,802)  +  HS  =  2CdO,3SO»  +  CdS  +  HO. 
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IT  Carbonate  of  cadmio  oxide  Se  readilj  dissolved  by  sulphupoua  acid; 
aad^  on  adding  absolute  alcobol  to  the  solution,  a  precipitate  resembling 
alumina  is  prodaoed,  whioh  does  not  give  off  water  when  heated  in  a 
tube.  If  this  precipitate  be  left  at  rest  in  the  liquid,  beautiful  sil?ery 
crystals  are  deposited,  having  the  following  oomposition  i 

Mnspratt. 

CdO   64      ....      55-99 

SO* 48       ....       28-19         27-98 

2HO  18       ....       15-82        15-90 

CdO,80«  +  3Aq 130       ....     10000 

(Muspratt,  Phil.  Mag.  11,  414;  Ann.  Pharm.  64,  242.)  H 

C.  HvposuLPHi^TE  OP  Cadmic  Oxide  or  Cadmic  Hyposulphatb. — 
The  solution  of  cadmic  carbonate  in  aqueous  hyposulphoric  acid  deposits, 
when  slowly  cooled,  a  crystalline  mass  of  salt,  which  has  a  very  rough 
taste,  is  very  easily  soluble  in  water,  and  deliquesces  in  moist  air. 


D.  Sulphate  op  Cadmic  Oxide  or  Cadmic  SnLPHATB.—-a.i>wti/pAa<«b 
— 1.  By  ignition  of  6.  (Stromeyer.) — 9.  By  imperfectly  precipitating  6 
with  potash  (Kiihn,  Schw.  60,  344); — by  exactly  precipitating  one- 
third  of  a  solution  of  the  neutral  sulphate  with  caustic  potash,  and  boil- 
ing the  precipitate  with  the  rest  of  the  solution.  (KUhn,  Pharm.  Cenir* 
1847,  595.)  Sparingly  soluble  in  water;  separates  from  the  solution  in 
scales.  (Stromeyer.) 


2CdO 
HO  . 


K«lm(l.)        KUhn  (2.) 

128     ....     72-32      ... 

72-01       ....       72-6 

40    ....     22-60       ... 

21-96       ....       19-3 

9     ....       508 

6-03       ....         8-1 

2Cd0,8O»  +  Aq 177     ....  10000       10000       ....     1000 

5.  Monomlphate, — Crystallizes  with  water  in  large,  transparent  rect- 
angular prisms,  resembling  crystals  of  zinc-vitriol;  they  effloresce  rapidly 
in  the  air  [permanent  in  the  air,  according  to  Meissner],  and,  when 
gently  heated,  give  off  their  water  of  crystallization  without  fusing; 
when  more  strongly  ignited,  they  lose  half  their  acid,  and  are  converted 
into  a.     Easily  soluble  in  water.  (Stromeyer.) 

Anhffdrwiu*           Stromeyer.  CryiUUiMtd,  Stromeyer. 

CdO 64     ....     61-54     ....     61*7          CdO....  64     ....    45-72  ....     45-956 

SO^ 40    ....     38-46     ....     38-3          SO"  ....  40     ....     28*57  ....     28523 

4H0....  36     ....     25-71  ....     25-521 

CdO,  SO*     104     ....  10000     ....  100-0  +4Aq.     140     ....  10000     ....  100*000 

%  By  evaporating  a  solution  of  cadmic  sulphate  containing  excess  of 
sulphuric  acid,  Kiihn  obtained  compact  crusts  of  indistinct  crystals,  con- 
taining CdO,SO»+ HO.  {Pharm,  CerUr.  1847,  5.95.)  % 

E.  SuLPHOCARBONATB  OP  Cadmium. — Hydrosulphocarbonato  of  cal- 
cium gives,  with  cadmic  salts,  a  lemon-yellow  precipitate,  slightly  soluble 
in  water,  to  which  it  imparts  a  yellow  colour.  (Berzelius.) 
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Cabutvu  and  Sblbmiitii. 

IT  Sblenite  of  Cadmio  Oxidb  or  Cadmio  8BLENiTB.«^fielenioiia  Mid 
does  not  precipitate  salts  of  cadmiam.  Selenite  of  ammonia  gives,  with 
chloride  of  cadmiam,  a  white  precipitate,  having  an  argillaceous  appear-* 
ance,  and  assuming  an  orange  tint  when  ezpomd  to  the  air.  The  salt 
contains  no  water.  It  is  soluble  in  selenious  acid.  When  healed  in  a 
tube,  it  yields  a  yellowieh-red  sublimate.  (Muspratt,  Chem*  Soc,  Qu.  J* 
II.  65.)  IT 

Cadmium  and  Iodinb. 

A.  Iodide  of  Cadmium. — Prepared  either  in  the  drj  waj  or  by 
digesting  cadmium  with  iodine  ana  water.  Fuses  very  easily.  Crystal- 
lizes on  cooling  from  the  fused  state,  or  from  an  aqueous  or  alcoholic 
solution,  in  large,  transparent  and  colourless,  six-sided  tables,  which  are 
permanent  in  the  air,  and  liave  a  metallic  lustre  inclining  to  that  of 
mother-of-pearl. — When  somewhat  strongly  ignited  [in  the  air  91,  it 
evolves  iodine.  Dissolves  readily  in  water  and  alcohol,  and  crystallises 
from  these  solutions,  on  evaporation,  still  in  the  form  of  iodide  of  cad- 
mium. Sulphuretted  hydrogen  passed  through  the  solution  slowly  preci- 
pitates sulphide  of  cadmium.  (Stromeyer.) 

8troiii6jer. 


Cd  

I  

56 

126 

•••• 

30-77   .... 
69-23 

30-54 
69-46 

Cdl   

182 

•••• 

100-00   .... 

....   10000 

B.  loDATB  OF  Cadmio  Oxide  or  Cadmic  Iodate. — Concentrated 
solutions  of  iodate  of  soda  and  iodate  of  cadmic  oxide  immediately  form 
a  precipitate  soluble  in  excess  of  the  cadmic  salt;  it  is  bulky  at  first,  but 
soon  falls  together  in  the  form  of  a  crystalline  meal.  When  dry,  it 
forms  a  white  anhydrous  powder.  This  powder,  when  heated|in  a  retort, 
gives  off  ox^'een  gas  and  iodine  vapour,  and  leaves  a  brownish-red 
mixture  of  oxide  an<l  iodide  of  cadmium,  from  which  water  extracts 
nothing,  but  nitric  acid  liberates  iodine. — The  powder  dissolvee  but  verj 
sparingly  in  water,  more  readily  in  nitric  acid  and  ammonia. 

Cadmium  and  Bromine. 

A.  Bromide  of  Cadmium. — 1 .  At  ordinary  temperatures,  cadmium 

does  not  combine  with  bromine;  but  when  heated  nearly  to  redness,  it 

absorbs  vapour  of  bromine,  forming  white  fumes  of  bromide  of  cadmium. 

2.  Hydrated  bromide  of  cadmium  is  converted  by  heat  into  the  anhydrous 

bromide. — Bromide  of  cadmium  fuses  readily  [and  crystallizes  on  cooling; 

Croft],  and,  when  strongly  heated,  sublimes  in  white  rounded  lamina) 

having  a  mother-of-pearl  lustre.     It  is  decomposed  by  heated  nitric  acid, 

but  dissolves  without  decomposition  in  hydrochloric  acid,  acetic  acid, 

alcohol,  and  ether. 

Berthtfmot. 

Cd     560      ....      41-66        41'47 

Br 76-4      ....      58-34        58-53 

CdBr 134-4      ....    100-00        Zli      100-00 


60  CADMIUM. 

Hydraied  Bromids  of  Cadmium  or  Hydrdbromaie  of  Cadmic  Oxide,^^ 
Bromide  of  cadmium  dissolves  easily  in  water.  The  solution  maj  be 
formed  by  digesting  cadmium  with  bromine  and  water.  Wben  evapo- 
rated and  cooled,  it  yields  white,  efflorescent  needles.  These  crystieds 
give  off  half  their  water  at  100*",  and  the  rest,  without  fusing,  at  200% 
whereupon  they  assume  an  enamel-like  appearance.  (Rammelsberg,  Fogg, 
55,  241.)  When  suddenly  heated,  they  fuse  in  their  water  of  crystalli- 
zation, and  are  converted  into  anhydrous  bromide  of  cadmium.  (Berthe- 
mot;  comp.,  Croft,  Fkil.  Mag.  J.  21,  356.) 

Cryitallixed.  Croft.  RAmmelsberg. 

CdBr 134-4     ....     7887        7905        ....        805 

4H0  360     ....     2113        20*95         ....         19-5 


CdBr  +  4Aq.  ....     1704     ....10000        10000        ....       1000 

B.  Brom ATE  OF  Cadmic  Oxide  or  Cadmic  Bromate. — Formed  by  pre- 
cipitating sulphate  of  cadmic-oxide  with  bromate  of  baryta,  and  evaporat- 
ing the  filtrate  over  oil  of  vitriol  in  a  receiver  containing  air. — Transpa- 
rent, rhombic  prisms  with  angles  of  127°  and  53"",  having  their  lateral 
edges  truncated,  and  bevelled  with  two  narrow  faces;  terminated  with 
four-sided  summits.  The  crystals,  when  heated,  give  off  bromine  vapour 
and  oxygen  gas,  and  leave  a  brown  mixture  of  oxide  and  bromide  of 
cadmium,  the  latter  of  which  may  be  dissolved  out  by  water.  They 
dissolve  in  0  8  pt.  of  cold  water.  (Kammelsberg,  Pogg,  55,  74.) 

Cryttallized.  Rammelsberg. 

CdO 64*0      ....       33-44  33*38 

BrO» 118*4       ....       61-86  61*92 

HO  9*0      ....        4*70  4*70 

CdO,BrO*  +  Aq 191*4       ....     10000        10000 


Cadmium  and  Chlorine, 

A.  CnLORiDE  OP  Cadmidm. — Formed  by  fusing  the  hydrochlorate  of 
cadmic  oxide.  After  fusion  it  presents  the  appearance  of  a  transparent 
mass,  having  a  metallic,  pearl}'  lustre  and  lamellated  texture;  crystallizes 
by  sublimation  in  transparent,  micaceous  laminsB  having  a  similar  lustre. 
Fuses  at  a  heat  below  redness,  and  volatilizes  at  a  somewhat  higher 
temperature. — ^Wheu  exposed  to  the  air,  it  loses  its  transparency  and 
lustre^  and  crumbles  to  a  white  powder.  (Stromeyer.) 

Stromeyer. 

Cd 560      ....      61-27        61*39 

CI 35*4       ....       38*73         38*61 

CdCl 911       ....     100*00        ZZ       100*00 

• 
Hydrated  Chloi*ide  of  Cadmium  or  Hydrochlorate  of  Cadmic  Oxide, — 
Transparent  rectangular  prisms  which  deliquesce  readily  when  heated^ 
and  are  easily  soluble  in  water.  (Stromeyer,  John.) 

Perchlorate  of  Cadmic  Oxide  or  Cadmic  Perchlorate. — The 
solution  of  the  oxide  in  aqueous  perchloric  acid  leaves,  when  evaporated 
in  the  hot  air  chamber,  a  transparent,  deliquescent,  crystalline  mass, 
which  is  soluble  in  alcohol.  (Serullas,  Ann.  Chim.  Fhys,  4G,  305.) 
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Cadmium  and  Fluobinb. 


Fluoride  op  Cadmium.— Deposited  from  the  aqueooB  Bolution,  on 
eyaporation,  in  white,  indistinctly  crystalline  crusts,  which  adhere  firmly 
to  the  sides  of  the  vessel.  Sparingly  soluble  in  pure  water^  more  readily 
in  a<jneoas  hydrofluoric  acid.  (Berzelius,  Fogg.  1,  26.) 


Cadmium  and  Nitrogen. 

A.  Nitride  of  Cadmium^ — Obtained  in  the  same  manner  as  nitride 
of  zinc  (p.  33).  The  solution  must  always  contain  an  excess  of  sal- 
ammoniac.  The  liquid  becomes  turbid  [in  the  preparation  of  zinc-nitride 
it  remains  clear],  because  the  ammonia,  as  it  is  set  free  at  the  negative 
pole,  precipitates  hydrated  cadmic  oxide,  which,  however,  in  the  imme- 
diate neighbourhood  of  the  pole,  is  re-dissolved  by  the  ammonia  subse- 
quently  liberated.  On  the  negative  pole  there  is  soon  deposited  a  spongy, 
dark,  lead-grey,  non-crystalline  mass,  which  visibly  increases,  and,  after 
being  pressed  between  two  plates  of  glass,  has  the  appearance  of  a  lead- 
grey  amalgam  :  when  washed  and  dried,  it  has  a  specific  gravity  of  4*8. 
Five  grains  of  this  substance  yield,  when  heated,  from  0*18  to  0*25  cub. 
in.  of  nitrogen  gas  free  from  hydrogen,  and  leave  a  yellowish-green 
residue  containing  globules  of  metallic  cadmium.  (Grove,  Phil.  Mag,  «7. 
19,  99;  also  Pogg.  54,  101.) 

B.  Nitrate  of  Cadmic  Oxide^  or  Cadmic  Nitrate.— Crystallizes 
in  combination  with  water,  in  prisms  and  needles  united  in  radiated  masses 
(Stromeyer),  which  deliquesce  in  the  air  (Meissner),  and  dissolve  in 
alcohol,  but  do  not  impart  any  peculiar  colour  to  its  flame.  (Children.) 

Anhydrous.  Stromeyer.  Crystallittd,  Stromeyer. 

CdO  64     ....     54-24     ....     5409  CdO....     64     ....     41-56     ....     4215 

NO»  54     ....     4576     ....    45-91  N0»....     54     ....     35  07     ....     3578 

4H0        36     ....     23-37     ....     2207 

_^^_^.^_^^_^^_^^^_^.^^__^^__^^^^_^^^^^_^_^_^^ -  -      ■  —  —  -  -         . 

CdO,NO*    118     ....  100-00     ....  10000  +4Aq.  154     ....  10000    ....  10000 

C.  Ammoniacal  Oxide  op  Cadmium. — Aqueous  ammonia  readily 
dissolves  cadmic  oxide — the  oxide  first  turning  white — ^and  deposits  it, 
on  evaporation,  in  the  form  of  a  gelatinous  hydrate.  (Stromeyer.)— 
Potash  precipitates  cadmic  oxide  from  its  solution  in  ammonia. 

D.  Ammoniacal  Hyposulphatb  op  Cadmic  Oxide. — The  solution  of 
cadmic  hyposulphate  in  heated  ammonia,  when  left  to  evaporate  spon- 
taneonsly,  deposits  the  compound  in  the  form  of  a  crystalline  meal,  mixed, 
however, — since  some  amount  of  decomposition  taKes  place  on  evapora- 
tion— with  hydrate  and  hyposulphate  of  cadmic  oxide.  (Rammelsberg, 

Pogg.  58,  298.) 

Rammelsberg. 

2NH»  34       ....       2000        18-32 

CdO    64       ....       37-65         3812 

S»0» 72      ....      42-35 

2NH»  +  CdO,S»0«      170      ....    10000 


E.  Ammonio-bulphate  of  Cadhio  Oxide.— 100  parts  of  anhydrous 
cadmic  sulphate  absorb  48*69  parts  (3  At.)  of  ammonia^  with  great  rise 
of  temperature  and  tumefaction^  and  are  thereby  converted  into  a  white 
powder.  The  compound^  when  heated  to  redness,  gives  off  a  large  quan- 
tity of  ammoniacal  gaS;  and  yields  a  trifling  sublimate  of  sulphite  of 
ammonia.  It  dissolves  in  water,  with  separation  of  cadmic  oxide.  (H. 
Rose,  Pogg,  20,  152.) 

H.  Rom. 

3NH» 51     ....     32-9        3274 

CdO,S<y  104    ....     67  1 67-26 

3NH5+CdO,SO»....     155     ....  1000        10000 

F.  Ammonio-iodide  op  Cadmium. — a,  3NH',CdI. — Dry  iodide 
of  potassium  does  not  absorb  ammoniacal  gas  at  ordinary  temperatures; 
but  when  gently  heated,  it  takes  up  27'789  ner  cent,  of  ammonia,  swelling 
up  and  evolving  heat,  and  crumbling  to  a  fine  white  powder.  The  com- 
pound gives  up  all  its  ammonia  when  heated.  Water  added  to  the  powder 
separates  hydrated  oxide  of  cadmium,  with  which  a  small  portion  of 
iodine  still  remains — and  forms  a  solution  containing  a  small  portion  of 
.cadmium,  and  giving  off  ammonia  when  heated.  (Rammelsber^.) 

6.  NH',CdI. — A  solution  of  iodide  of  potassium  in  heated  ammonia 
deposits  very  small  crystals  on  cooling,  and  the  mother -liquid,  if  evapo- 
rated and  mixed  with  ammonia,  yields  an  additional  quantity.  The 
crystals  fuse  when  heated,  giving  off  ammonia  and  water — which  is  not 
essential  to  their  constitution — and  leaving  iodide  of  cadmium.  They 
are  decomposed  by  water  in  the  same  manner  as  a.  (Rammelsberg, 
Pogg.  48, 153.) 

a,  Rammelsberg. 

3NH3 51         ....         21-89        21-75 

Cdl     182         ....         78-11         78-25 

3NH3,CdI 233         Z       100  00         ZZ       10000 


NH» 

Cdl 

HO.. 


6. 

Rammelsberg. 

17 

•  ■■• 

8  54 

7-15 

182 

•  taa 

91-46 

91-37 

•  >■  • 

• 

1-48 

NH»,Cdl  199         ....       lOOOO         10000 

When  a  solution  of  cadmic  iodate  in  aqueous  ammonia  is  left  to 
evaporate  freely,  it  yields — besides  crystals  of  iodate  of  ammonia— crys- 
talline crusts,  which  probably  contain  ammoniacal  iodate  of  cadmic  oxide. 
(Rammelsberg.) 

G.  Ammonio-bromidb  op  Cadmium. — a.  2NH',CdBr.  Dry,  pul- 
verized bromide  of  cadmium  swells  up  when  introduced  into  ammoniacal 
gas,  taking  up  2  atoms  of  ammonia  (from  2  to  3 :  Croft.),  and  crumbling 
•to  a  bulky  white  powder.  The  compound  gives  off  all  its  ammonia  when 
heated;  on  dissolving  it  in  water,  part  of  the  oxide  separates  out.  (Ram- 
melsberg.)— h.  NH®,CdBr.  A  concentrated  solution  of  bromide  of  cad- 
mium saturated  with  ammonia,  yields,  on  evaporation,  small  crystals, 
which  behave  like  a  when  heated,  or  when  digested  in  water.  (Rammels- 
berg, Pogg.  55,  241.)  A  solution  of  bromide  of  cadmium  in  warm  aqueous 
ammonia  deposits  the  compound  in  crystalline  grains  when  rapidly  cooled, 
and  in  regular  octohedrons  by  slow  cooling.  (Croft,  PhU,  Mag,  •/.  21, 
356.) 
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«.  EtiniMbbMg. 

iNH> ,        84-0      ....      2019        22'a6 

Cd  560      ....      33-25)  ^^,., 

Br  78-4       ....      46-56f       '^^^ 

2NH>,CdBr  168*4      ....     100-00        10000 

h.  Rammekberg.        Croft. 

NH» 17'0      ....  11-23        10-68      ....      11-69 

Cd 06-0      ....  88*99        88-19 

Br 76-4      ....  51-78 

NH»,CdBr    151-4       ....     10000 

H.  Ammonio-bromate  of  Cadhic  Oxidb. — The  concentrated  sola- 
tion  of  cadmic  bromate,  mixed  with  a  quantity  of  ammonia  safficient  to 
re-Kliasolye  the  precipitate  formed  by  the  first  portions,  and  then  eva- 
porated under  a  receiver  containing  lime,  yields  crystaLs.  The  mixture 
is  decomposed,  both  when  evaporated  by  heat,  and  when  diluted  with 
water, — white  flakes  of  hydrated  cadmio  oxide,  free  from  bromine,  being 
deposited.     (Rammelaberg,  Fogg.  65,  74.) 

Caleulaiian, 

3NH« 51-0      12-27 

2CdO 1280      .« 30-78 

2BrO*    236-8       56-95 

3NH»+2(CdO.BrO»)  415-8      10000 

J.  Ammonio-chloiiide  of  CADMiUH.^a.  dNH*,CdCl.  — 100  parts 
S)f  pulverised  dry  chloride  of  cadmium  absorb  53*50  parts  (about  3  At.) 
of  ammonia,  the  absorption  being  slow  at  first,  but  afterwaI^ds  rapid,  and 
attended  with  rise  of  temperature  and  tumefaction.  The  compound,  when 
exposed  to  the  air,  gives  ofi"  ammonia  till  it  has  lost  its  odour,  and  is  con- 
verted into  the  following  compound  : — b,  NH',CdCl. — Chloride  of  cad- 
mium treated  with  aqueous  ammonia  yields  a  white  powder,  which  dis- 
solves on  the  application  of  heat,  and  is  deposited  in  the  form  of  a 
crystalline  powder  on  cooling.  When  heated,  it  gives  oflT  16*63  per  cent. 
(1  At.)  of  ammonia,  mixed,  however,  with  a  small  portion  of  sal- 
ammoniac  ;  consequently,  the  residue  is  no  longer  soluble  in  water. 
(Croft,  FhU,  Mag.  J.  21,  356.) 

K.  Chloride  op  Cadmium  and  Ammonium. — NH^Cl,CdCl. — A 
concentrated  solution  of  chloride  of  cadmium  and  sal-ammoniac  in  equal 
numbers  of  atoms  yields,  at  first,  silvery  needles  containing  1  atom  of 
water;  these,  however,  gradually  disappear,  and  are  replaced  by  large 
anhydrous  rhombohedrons,  slightly  soluble  in  alcohol  and  wood-spirit. 
(Croft.) 

Pure  hydrated  Carhtmaie  and  Phosphaie  of  Cadmic  Oxide  dissolve 
readily  in  sulphate,  hydrochlorate^  nitrate,  and  succinate  of  ammonia. 
(Wittstein,  ReperL  57,  32.) 

Cadmium  and  Potassium. 

A.  Sulphate  op  Cadmic  Oxide  and  PoTAsn.-^Yields  crystals 
having  the  form  of  sulphate  of  magnesia  and  ammonia.  (Mitscherlioh.) 
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B.  loDiDB  OF  Cadmium  akd  Potassium. — KI,CdI.— Not  cmtal- 
Ibsable;  yery  easily  soluble  in  water,— sligbtly  soluble  in  alcohol  and 
wood-spirit.  (Croft.) 

C.  Bromide  op  Cadmium  and  Potassium.— KBr,CdBr. — Hydrated 
needles,  very  easily  soluble  in  water,  slightly  soluble  in  alcohol.  (Croft.) 

D.  Chloride  op  Cadmium  and  Potassium. — KCl,CdCl. — ^Yields 
anhydrous  and  hydrated  crystals,  analogous  to  those  of  chloride  of  cad- 
mium and  ammonium.  Dissolves  in  water  less  readily  than  C;  slightly 
soluble  in  alcohol  and  wood-spirit.  (Croft.) 

Cadmium  and  Sodium. 

Carbonate  of  soda  does  not  dissolve  cadmic  oxide  before  the  blow* 
pipe. 

A.  Melted  Borax  dissolves  the  oxide,  forming  a  clear  glass,  which  is 
yellowish  while  hot.  becomes  almost  colourless  on  cooling,  and  if  mode- 
rately charged  with  oxide,  becomes  milk-white  by  gentle  flaming,  but  if 
more  strongly  charged,  assumes  an  enamel-white  appearance  on  simple 
cooling;  if  heated  on  charcoal,  it  boils  continuously  in  consequence  of 
the  reduction  and  volatilization  of  the  cadmium. 

B.  Microcosmic  Salt  dissolves  the  oxide  abundantly,  forming  a  clear 
glass,  which,  if  saturated,  becomes  milk-white  on  cooling.  (Berzelius.) 

C.  Chloride  of  Cadmium  and  Sodium.  —  NaCl,CdCl. — ^Warty 
crystals,  containing  3  At.  water,  soluble  in  1*4  parts  of  water  at  16®; 
slightly  soluble  in  alcohol  and  wood-spirit.  (Croft.) 


Cadmium  and  Calcium. 

ffypophosphUe  of  Cadmic  oxide  and  Lime? — By  boiling  cadmic 
oxalate  in  excess  with  hypophosphite  of  lime  and  water,  and  eva- 
porating the  filtrate  in  vacuo,  a  crystalline  mass  is  obtained,  which,  when 
heated  in  a  retort,  gives  off  spontaneously  inflammable  phosphuretted 
hydrogen  gas,  a  character  by  which  it  is  distinguished  from  pure  cadmic 
hypophosphite.  It  contains  :  hypophosphite  of  lime,  3*74;  hypophosphite 
of  cadmic  oxide,  68*80 ;  water,  27*46  (4  At.).  (H.  Rose,  Fogg,  12,  294.) 


Cadmium  and  Silicium, 

Hydrated  Silico-Fluoride  of  Cadmium. — Long,  transparent,  and 
colourless  prisms,  which  are  very  easily  soluble  in  water,  and  effloresce  in 
warm  air,  forming  an  opaque,  easily  disintegrated  mass.  (Berzelius,  Fo^^. 
1,  199.) 

Cadmium  and  Tungsten. 


A.  Tungstatb  of  Cadmic  Oxtde.^-<{.  Monotungstaie. — Monotungstate 
of  potash  or  soda  added  to  a  cadmic  salt,  throws  down  a  white  powder, 
which  gives  off  its  water  when  heated,  assuming  a  reddish  or  yellowish 
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coloar,  and  afterwards,  when  heated  to  redness,  becomes  blaish-blaclcy 
and  bakes  together  into  a  hard  mass.  It  dissolves  in  phosphoric  acid, 
oxalic  acid,  and  ammonia,  but  not  in  water. — 6.  BUungUate.  By  preci- 
pitating with  an  alkaline  bitungstate.  The  white  pnlverulent  precipitate 
18  anhydrous;  when  ignited,  it  turns  grey  and  bakes  together.  Soluble 
in  phosphoric,  oxalic,  acetic  acid,  and  ammonia,  but  not  in  water.  ( Anthon, 
J.pr.  Chem,  9,  341.) 

a,    Iffnited,  Anthon. 

CdO  64      ....      34-78        ....        3587 

WCP  120       ....       65-22         ....         6413 

CdO,WO» 184      ....     10000        Z       10000 

a.    Htfdrated.  Anthon. 

CdO  64      ....        31-68        ....        33 

WO» 120      ....         59-41         ....         59 

2HO      18      ....  8-91         ....  8 

CdO,  W0»  +  2Aq 202       Z       10000         Z       100 

B.  SuLPHOTUNGSTATE  OP  Cadmiuh. — CdS,WS'. — On  mixiug  the 
solution  of  a  cadmic  salt  with  sulphotungstate  of  potassium,  this  com- 
pound is  immediately  precipitated  in  the  form  of  a  lemon-yellow  powder. 
(Berzelius.) 

Cadmium  and  Molybdenum. 

A.  Molybdate  op  Cadmic  Oxide. — Molybdate  of  ammonia  gires, 
h.  sulphate  of  cadmic  oxide,  a  greyi 
brown  when  gently  ignited.  (Brandos.) 


with  sulphate  of  cadmic  oxide,  a  greyish  white  precipitate  which  turns 

ides.' 


B.  SuLPHOMOLYBDATE  OP  Cadmium. — By  precipitating  a  cadmic  salt 
with  sulphomolybdate  of  potassium.  Dark-brown  precipitate,  insoluble 
in  water.  (Berzelius.) 

C.  Persulphomolybdate  op  Cadmium. — By  precipitating  with  per- 
sulphomolybdate  of  potassium.  Red  precipitate.  (Berzelius,  Pogg.  7, 
286.) 

Cadmium  and  Vanadium. 


Vanadiate  op  Cadmic  Oxide. — a,  Monovanadiate. — On  mixing 
concentrated  solutions  of  an  alkaline  monovanadiate  and  a  cadmic  salt, 
a  portion  is  immediately  precipitated  in  the  form  of  a  yellow  substance 
which  gradually  turns  white;  the  greater  part  of  the  salt  is  subsequently 
deposited  as  a  white  crystalline  crust.— 6.  Bivanadiate, — Soluble  in  water. 
(Berzelius.) 

Permanganate  of  Potash  does  not  precipitate  hydrochlorate  of  cadmic  oxide. 


Cadmium  and  Arsenic. 

A.  Sulpharsenite  op  Cadmium.— By  precipitating  a  cadmic  salt 
with  a  saturated  solution  of  sulpharsenious  acid  in  hydrosulphate  of 
ammonia.  The  pale  yellow  precipitate — orange-yellow  when  dry — 
becomes  semi-fluid  when  heated^  and  is  converted,  by  loss  of  orpiment, 
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into  a  swollen,  metal-grey  compound  of  snlphide  of  oadminm  with  a 
small  quantity  of  orpiment^  which  fonns  a  deep-yellow  powder.  (Ber* 
zelins,  Pogg,  7,  146.) 

B.  SuLPHARSENiATE  OF  Cadmium. — Aqneoiu  snlphaneniate  of  sodium 
giyes  a  light  yellow  precipitate  with  cadmic  salts.  (BerseliuSy  Fogg.  7»  88.) 

Cadmiuk  and  Antimont. 

SULPHANTIMONIATB    OF    CaDMITTM. — The   BOlutioU  of  Schlippe's    Sult 

^yes  a  light  orange-yellow  precipitate  with  cadmic  salts,  if  the  former  he 
in  excess;  hut  if  the  cadmic  salt  is  in  excess,  the  precipitate  is  darker  in 
colour  and  hecomes  red-hrown  after  remaining  for  some  time  immersed  in 
the  liquid.  (Rammelsherg,  Pogg,  52,  236.) 

Cadmium  and  Tellurium. 

SuLPHOTELLURiTE  OP  Cadmium. — Analoeous  to  the  cerium-compound 
(IV.  425). 

Other  Compounds  of  Cadmium. 

With  Copper,  Mercury,  and  Platinum. 


Chapter  XXX. 

T  I  N. 


Proust.     J,  Phy9.  51,  173;  also  Scher.  J.  8,  481.^7.  Phyz.  61,  338;  also 

N.  GehL  1,  249;  also  Gilb.  25,  440. 
Berzelius.     Schw,  6,  284.— Further:    Ann.  Ckim.  Phys.  5,   141:   also 

N.  Tr.  2,  2,  359. 
J.  Davy.     Schw.  10,  321. 
Gay-Lussac.    Ann.  Chim.  Phys.  1,  40. 


Stnontmes:  Etain,  £inn,  Stannumy  JupUer. 

History.  Tin  was  known  in  the  metallic  state  as  early  as  the  time 
of  Moses;  it  was  imported  by  the  PhoBuicians  from  Spain  and  England. 
Bichloride  of  tin  was  discovered  in  the  sixteenth  centory  by  Libavius. 
The  preparation  of  Mosaic  gold  was  taught  by  Kunkel.  The  chief  con- 
tributions to  our  knowledge  of  the  compounds  of  tin  have  been  made  by 
Pelletier,  Proust,  J.  Dayy,  and  Berselius. 

Sources.  Most  frequently,  as  binoxide,  in  Tin-stone;  rarely  with 
sulphur  and  copper,  in  Tin-pyrites.  In  very  small  quantities,  as  binoxide, 
in  the  Seidschlitz  water,  and  in  many  meteoric  stones  (Berzelius);  in 
Man^nesian  Epidote  and  native  peroxide  of  manganese  (Braumtein) 
from  Piedmont,  and  in  all  Scandinavian  Epidotes.  (Sobrero.) 
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Prqxxration  on  tlte  large  seal€.  Tin-ttone  is  broken  up— -roasted  to 
drive  off  the  sulphur  and  arsenic  of  the  ores  that  are  mixed  with  it,  and 
convert  the  other  metals  into  light  oxides  easily  separated  from  the 
heayier  tin-stone  by  washing — and  then  fused  in  contact  with  charooa], 
either  in  smelting  fa  maces  or  in  reverberatory  furnaces,  sometimes  with 
the  addition  of  a  calcareous  flax. — Pur^caUan  on  the  large  $cale, — 1.  By 
gentle  heating,  whereby  the  purer  tin  fuses  and  runs  off,  while  the  more 
refractory  alloys  of  tin  and  the  foreign  metals  remain  unmelted. — 2.  By 
fusion,  with  imperfect  access  of  air,  whereby  the  foreign  metals,  together 
with  a  portion  of  the  tin,  are  oxidised  first. — The  purest  varieties  of  tin 
are  Malacca  and  Banca  tin  and  English  Orain4in;  then  follows  Common 
English  Grain-tin;  then  English  Block-tin  and  Saxon  and  Bohemian 
Mine-tin  (Bergzinn) ;  then  Tin -refuse  and  THn-scum  {Abgangs-und 
Abstrich-2inn),  The  impurities  consist  of  arsenic,  antimony,  bismuth, 
zinc,  lead,  iron  and  copper;  they  remain  for  the  most  part  in  the  form 
of  a  black  powder,  on  dissolving  the  tin  in  hydrochloric  acid.  The 
greater  part  of  the  arsenic  is,  however,  evolved  in  the  form  of  arseniuretted 
hydrogen  gas,  and  may  be  detected  by  Marsh's  process.  Stiiremberg 
(Ann.  Pharm,  29,  216)  found  arsenic  in  all  commercial  tin,  and  likewise 
in  tin-foil  and  tin-plate;  a  sample  of  Banca  tin  and  likewise  of  English 
grain-tin  were,  however,  found  to  be  free  from  arsenic.  Chevallier 
{J,  Chim.  M^d.  16,  250)  likewise  obtained  arseniuretted  hydrogen  gas  on 
dissolving  Banca  tin  which  was  said  to  be  free  from  arsenic  aud  did  not 
deposit  any  black  powder  when  dissolved. — Pttrijlcation  on  the  small 
scale. — This  is  effected  by  oxidizing  tin-filings  with  excess  of  nitric  acid, 
washing  the  resulting  binoxide  with  hydrochloric  acid  and  water,  and 
reducing  it  in  a  closed  charcoal  crucible  at  a  low  white  heat.  If  pure 
water  be  used  in  the  washing,  the  stannic  oxide  retains  oxide  of  copper. 

Properties,  Crystalline  system  the  square  prismatic.  When  a  feeble 
current  from  a  Daniell's  battery  (I.  421)  is  passed  through  aqueous 
bydrochlorate  of  stannous  oxide,  the  positive  pole  being  formecl  of  a 
plate  of  tin,  the  negative  polar  wire  becomes  covered,  in  the  course  of 
four  days,  with  perfect  crystals  belonging  to  the  square  prismatic  system. 
Fig.  39,  without  the  ^  face,  but  having  the  four  a-faces  and  likewise 
eight  acumination-faces  resting  upon  e  and  a.  Macle-crystals  are  of 
frequent  occurrence.  (Miller,  P)^iZ.  Mag.  J.  22,  263.)  Mather  {Sill.  Ann. 
J.  27,  254)  likewise  obtained  right-angled  four-sided  crystals  of  metallic 
tin,  upon  a  piece  of  the  metal  immersed  in  a  solution  of  the  proto- 
chloride.  Brooke  obtained  eight-sided  needles  by  slowly  cooling  melted 
tin,  and  pouring  off  the  portion  which  remained  liquid.  Pajot,  on  the 
other  band  {J.  Phys.  38,  52),  obtained  rhombic  tables  by  this  process; 
and  Breithanpt  {Schw.  52,  171)  saw  tin  from  a  Cornwall  tin- furnace 
crystallized  in  short,  regular,  six-sided  prisms.  These  crystals  were 
regarded  by  Miller  as  CuSn'.  Frankenheim  {Pogg.  40,  456)  concludes, 
from  the  angles  of  the  dendrites  in  the  tin-tree,  that  the  crystals  belong 
to  the  regular  system. — Specific  gravity  of  tin-crystals  =7'178,  and  after 
fusion  and  solidification,  7*293  (Miller);  of  tin  solidified  from  fusion, 
7-291  (Brisson),  7*2911  (Kupffer),  7*2905  (Karsten);  of  rolled  tin,  7-299 
(Brisson).  Softer  than  gold,  harder  than  lead;  fracture  indented. 
Decrepitates  when  bent.  This  crackling  of  tin  {Oeshrei  des  Zinntt)  is 
produced  by  the  displacement  of  the  crystals  of  which  it  is  made  up. 
Tin  cannot  be  drawn  out  into  fine  wire,  but  may  be  beaten  out  into  thin 
plates  {Tin-foil).     Bluish-white,  with  a  strong  lustre.     Melts  at  222*5''^ 

f2 


(58  TIN. 

(G.  A.  Ennan),  at  238^  (Crichton),  at  230*^  (Kupffer),  at  267''  (Morveau), 
and  contracts  slightly  in  cooling  ^Marx).  Boils  at  a  white  heat.  The 
disagreeable  odour  ascribed  to  tin  aoes  not  properly  belong  to  the  metul 
itself,  but  is  solely  due  to  its  action  on  animal  substances,  the  fingers  for 
example,  with  which  it  comes  in  contact. — Nitric  acid  of  moderate 
strength  attacks  tin  with  violence,  but  without  dissolving  it,  and  converts 
it  into  a  white  powder.  Tin  may  also  be  easily  distinguished  from  other 
metals  by  its  behaviour  with  a  solution  of  gold  containing  excess  of 
hydrochloric  acid;  a  bright  surface  of  tin  immersed  in  such  a  solution,  is 
blackened  without  evolution  of  gas;  zinc  turns  black  and  liberates  gas; 
lead  does  not  blacken.  (Friedemann,  Bepe7^,  77,  224.) 


Compounds  of  Tin, 

Tin  and  Oxygen. 

A.  Stannous  Oxide.    SnO. 

Protoxide  of  Tin,  Zinnoxydvl,  Oxyde  Stanneux. 

Formation,  Tin  slowly  decomposes  water  mixed  with  hydrochloric 
acid,  sulphuric  acid,  or  potash,  and  dissolves  in  these  substances  in  the 
form  of  stannous  oxide.  The  hydrogen  which  is  evolved  contains  arsenic, 
if  that  metal  is  present  in  the  tin.  The  aqueous  solutions  of  sal-ammoniac, 
common  salt,  bisulphate  of  potash,  alum,  cream  of  tartar  and  borax-tartar 
likewise  dissolve  small  quantities  of  tin  when  heated,  and  form  solutions 
of  stannous  oxide;  tin  is  also  dissolved,  though  in  very  small  quantity, 
by  the  aqueous  solutions  of  nitrate  of  soda,  monotartrate  of  potash,  and 
Bochelle  salt.  Solutions  of  carbonate  of  potash,  sulphate  of  soda, 
chloride  of  barium  or  calcium,  sulphate  of  magnesia,  and  tartrate  of  potash 
and  ammonia  do  not  retain  tin  in  solution,  but  in  contact  with  air  produce 
a  deposition  of  stannic  oxide.  Nitre,  borax,  and  diphosphate  of  soda 
have  no  action  upon  tin.  (Lindes^  Bert,  Jahrb.  32,  2,  99;  Cludius,  J,  pr, 
Chem.  9,  161.) 

Preparation.  1.  Stannous  oxide  is  precipitated  in  the  form  of  hydrate 
from  its  solution  in  hydrochloric  acid  by  the  addition  of  carbonate  of 
potash  in  excess — the  hydrate  quickly  washed  with  thoroughly  boiled 
water,  and  as  much  as  possible  out  of  contact  of  air — then  dried  at  a 
temperature  not  exceeding  80° — and  lastly  freed  from  water  by  heating 
ii  in  a  retert  completely  filled  with  it,  and  having  the  air  replaced  by 
hydrogen  or  carbonic  acid  gas.  (Berzelius.) — 2.  Hydrochlorate  of  stan- 
nous oxide  is  treated  with  excess  of  ammonia,  and  the  precipitated 
hydrate  of  stannous  oxide  boiled  quickly  for  awhile  to  convert  it  into 
the  anhydrous  oxide,  which  is  then  quickly  washed  and  dried.  (Gay- 
Lussac.) — 3.  Aqueous  hydrochloric  acid  is  saturated  with  tin;  the  solu- 
tion evaporated  in  contact  with  a  piece  of  metallic  tin,  till  a  residue  of 
fused  protochloride  of  tin  is  left;  the  metal  then  taken  out;  1  At.  of  the 
chloride  of  tin  (94*4  parts)  mixed  in  a  mortar  with  1  At.  (143-2  parts) 
or  more  of  crystallized  carbonate  of  soda;  the  fluid  mixture  heated  in  a 
basin — with  constant  stirring — till  it  has  become  black  through  and 
through;  the  chloride  of  sodium,  after  cooling,  extracted  with  boiling 
water;  the  stannou/s  oxide  washed  with  boiling  water  on  the  filter,  and 
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lastly  dried  at  a  gentle  heat.  (Sandall,  Fhil,  Mag.  J,  12,  216;  also «/. 
pr.  Gkem.  14,  254.)  This  is  a  very  advantageous  mode  of  preparation. 
(Bottger,  Ann.  Fharm,  29,  87.) 


blac 


Properties.  Black  powder,  of  specific  gravity  6'666;  brown-greenish- 
ij  when  pounded.  (Berzelius.)  Olive-green.  (Gaj-Lussac.)  Bluish- 
>lack  or  slate-grej.  (Sandall.)  When  hydrate  of  stannous  oxide  is  boiled 
with  a  quantity  of  potash  not  sufficient  to  dissolve  it,  the  undissolved 
portion  is  converted  into  small,  hard,  shining,  black  crystals  of  anhydrous 
stannic  oxide,  which,  when  heated  to  200^,  decrepitate,  swell  up,  and 
fall  to  pieces,  and  are  converted  into  the  olive-green  protoxide  like  that 
obtained  by  Gay-Lussac.  On  evaporating  a  very  dilute  solution  of  sal- 
ammoniac  in  which  hydrated  protoxide  of  tin  is  diffused,  that  compound 
is  converted,  as  soon  as  the  sal-ammoniac  crystallizes,  into  the  anhydrous 
protoxide,  having  the  form  of  a  cinnabar-coloured  powder,  which,  by 
friction  with  a  hard  body,  is  immediately  converted  into  the  greenish- 
brown  binoxide.  There  are  therefore  three  modifications  of  stannous  oxide : 
c^stallized,  olive-green,  and  red.  (Fremy,  Compt,  rend.  15,  1107;  also 
y.  J.  Fkarm.  3,  28.)—^  Roth  {Ann.  Fharm.  60,  214)  obtains  the  red 
modification  by  thoroughly  washing  the  white  hydrate  of  stannous  oxide 
and  digesting  it  at  a  temperature  of  56°  with  a  solution  of  that  oxide  in 
acetic  acid,  the  acid  being  slightly  in  excess  and  the  solution  having  a 
specific  gravity  of  1  *06.  The  stannous  oxide  b  then  converted  into  heavy, 
hard,  crystalline  grains  which  yield  a  greenish-brown  powder  by  tritura- 
tion ;  they  take  fire  when  heated,  and  soon  blacken  by  exposure  to  sun- 
shine.    With  chemical  re-agents,  they  behave  like  stannous  oxide.  IT 

Berzelius.       J.  Dairy.      Gay-Lassac.    Proast. 

Sn    59     ....     88-06        ....         88028     ....     88'01     ....     88106     ....     87 

0 8     ....     11-94         ....         11-972     ....     11-99     ....     11*894     ....     13 

SnO 67     ....  iOO-00        Z       100000     ....  10000     ....  100000     ....  100 

(SdO  —  735-29  +  100  =  835*29.  Berzeliiu.) 

Decompositions.  Reduced  to  the  metallic  state,  by  charcoal  at  a  strong 
red  heat j  by  potassium  at  a  moderate  heat,  and  with  combustion .  By 
sulphur  it  is  converted  into  sulphide  of  tin,  with  evolution  of  sulphurous 
acid;  and  by  boiling  with  a  small  quantity  of  potash-ley,  into  metallic 
tin  and  stannic  acid,  the  latter  dissolving  in  the  potash. 

Combinations,  a.  With  Water. — Hydrate  op  Stannous  Oxide. 
When  a  solution  of  protochloride  of  tin  is  mixed  with  excess  of  carbonate 
of  potash,  or  with  excess  of  ammonia,  the  hydrated  protoxide  is  pre- 
cipitated in  the  form  of  a  brilliant  white  powder,  containing,  according  to 
Proust,  5  per  cent,  of  water,  which,  according  to  Berzelius,  it  gives  up 
when  gently  heated,  or  even  when  boiled  with  water. — IT  According  to 
Schaflner,  the  precipitate  formed  by  ammonia  is  not  the  hydrate,  but  a 
basic  salt.     The  composition  of  the  hydrate  is  2SnO,  HO.  ^ 

h.  With  Acids,  forming  the  Salts  op  Stannous  Oxide  or  Stannous 
Salts. — Frotosalts  of  Tin. — These  salts  are  obtained  by  dissolving 
metallic  tin,  the  protoxide,  or  its  hydrate — which  is  more  easily  soluble 
— in  acids.  Most  of  them  are  either  colourless  or  yellowish,  redden 
litmus,  and  have  a  very  disagreeable  metallic  taste.  They  rapidly 
abstract  oxygen  from  the  air  and  other  oxygen  compounds,  and  are 
thereby  converted  into  stannic  salts;  hence  they  give  a  purple  or  brown 
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precipitate  with  chloride  of  gold,  &c.  [For  a  more  detailed  deecription  of 
this,  vid.  Protochlorid-e  of  Tin.']  Those  which  contain  a  volatile  acid, 
give  it  off  at  a  red  heat,  and,  if  the  air  has  access  to  them,  are  converted 
into  stannic  oxide.  With  carbonate  of  soda  upon  charcoal  in  the  inner 
blowpipe-flame,  they  yield  globales  of  metallic  tin. — Zinc  and  cadmium 
immersed  in  the  aqueous  solutions  of  these  salts  precipitate  the  tin  in  an 
arborescent  form:  ike  Tin-tree,  Arbor  Jovis.  Acetate  of  stannous  oxide, 
however,  is  not  reduced  by  tin  or  cadmium.  Iron  reduces  the  tin  from 
the  hydrochlorate  and  acetate,  provided  the  iron  is  made  to  dip  into 
water  in  which  is  likewise  immersed  a  bladder  containing  the  tin-solution^ 
so  that  the  latter  may  mix  very  slowly  with  the  water  by  endosmose. 
Iron  does  not  precipitate  tin  from  the  protochloride  at  a  boiling  heat. 
Lead,  when  first  immersed,  reduces  a  small  quantity  of  tin  in  brilliant 
needles,  but  the  action  soon  ceases.  (Fischer,  Fogg.  9,  263;  10,  603.) 
Hydrosulphuric  acid  gas  and  hydrosulphate  of  ammonia  precipitate  dark- 
brown  hydrated  protosulphide  of  tin.  This  precipitate  dissolves  in  a 
large  excess  of  hydrosulphate  of  ammonia — provided  that  compound 
likewise  contains  hydrosuiphite  of  ammonia — ^and  is  precipitated  from 
the  solution  by  acids  in  the  form  of  yellow  bisulphide  of  tin.  (H.  Rose.) 
— Hydrosulphuric  acid  gives  no  precipitate  in  a  solution  containing  less 
than  1  part  of  tin  in  120,000  parts  of  water.  (Pfaff.) — A  solution  of 
1  part  of  crystallized  hydrochlorate  of  stannous  oxide  in  100  parts  of 
water,  mixed  with  15  parts  of  hydrochloric  acid  of  specific  gravity  1*168, 
is  immediately  precipitated  by  hydrosulphuric  acid;  with  25  parts  of 
hydrochloric  acid,  not  till  after  some  time;  with  40  parts  of  hydrochlorio 
acid,  not  at  all,  but  immediately  on  adding  more  water.  (Reinsch.  J,  pr, 
Chem.  13,  132.) — Iodide  of  potassium  gives  a  yellowish-white  curdy 
precipitate,  which,  if  the  tin  and  iodine  are  in  proper  proportion  and  the 
solution  duly  concentrated,  is  soon  converted  into  protiodide  of  tin. 
Ammonia,  carbonate  of  ammonia,  and  carbonate  of  potash  throw  down 
the  white  hydrate  of  stannous  oxide,  insoluble  in  excess  of  these  pre- 
cipitants. — An  excess  of  potash,  on  the  contrary,  re-dissolves  the  pre- 
cipitated hydrate,  forming  a  solution,  which  deposits  metallic  tin  in  the 
form  of  a  black  powder,  dowly  in  the  cold,  rapid Iv  when  heated,  stannate 
of  potash  being  formed  and  remaining  in  solution. — Phosphate  of  soda 
throws  down  white  phosphate  of  stannous  oxide. — Oxalic  acid  throws 
down  white  oxalate  of  stannous  oxide. — Croconate  of  potash  gives  an 
orange-yellow  precipitate  with  stannous  salts. — Succinic  acid  and  the 
alkaline  benzoates,  according  to  Pfaff,  give  white  precipitates  to  the 
ten-thousandth  degree  of  dilution. — Tincture  of  galls  produces,  in  solu- 
tions not  containing  a  very  mat  excess  of  acid,  an  abundance  of  li^ht- 
yellow  flakes. — Ferrocyanide  and  ferricyanide  of  potassium  produce 
white  precipitates  soluble  in  hydrochloric  acid. — Stannous  salts  which 
are  insoluble  in  water,  dissolve  in  hydrochloric  acid — ^provided  they  have 
aot  been  ignited — ^bnt  not  in  sal-ammoniac, 
c.  With  Potash  and  Soda. 

Oxides  of  Tin,  tntermediaie  between  Stannous  and  Stannic  Oxide. 

a.  Sesquiaxide.  Sn'O*. — 1.  Aqueous  hydrochlorate  of  stannous  oxide, 
somewhat  in  excess,  is  boiled  with  freshly  precipitated  hydrate  of  ferric 
oxide  or  hydrate  of  manganic  oxide,  and  the  precipitated  sesquioxide  of 
tin  thoroughly  washed.  (Fuchs,  Kastn.  Arch.  23,  368.) — 

FeW  +  2SnCl  =  Sn«0* + ZFcCL 
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Tli«  precipitate  is  frequently  mixed  with  hjdrated  ferric  oxide.  (Berzeliiu.) 
The  hjdrated  ferric  oxide,  OTen  when  recently  precipitated,  acta  much 
less  qnickly  in  the  cold  than  at  a  boiling  heat;  the  dried  hydrate  requires 
continued  boiling;  finely  pounded  specnlar  iron  acts  but  very  imper- 
fectly at  a  boiling  heat.  £ven  when  the  hydrochlorate  of  stannous  oxide 
contains  no  free  acid,  a  small  quantity  of  iron  is  dissolyed  at  the  begin- 
ning of  the  action,  before  the  precipitation  of  the  sesquioxide  of  tin  takes 
place.  If  the  hydrated  ferric  oxide  be  briskly  boiled  with  excess  of 
stannous  hydrochlorate,  the  precipitate  which  forms  at  first  is  re-dissolved 
after  a  while,  bat  appears  again  on  the  addition  of  water;  under  these 
circumstance^  however,  the  sesquioxide  of  tin  is  contaminated  with 
bibasic  hydrochlorate  of  stannous  oxide. — Pulverised  Pyrolusite  acts  but 
very  slowly^  even  on  boiling;  but  if  the  liquid  be  boiled  down  nearly  to 
dryness^ — ^whereupon  a  large  quantity  of  hydrochloric  acid  is  evolved,  but 
no  chlorine— and  the  residue  dissolved  in  water,  sesquioxide  of  tin  sepa- 
rates from  the  solution,  mixed  with  pyrolusite.  (Fuchs.)-»2.  Hydro* 
chlorate  of  stannous  oxide  is  mixed  with  hydrochlorate  of  ferric  oxide, 
and  as  soon  as  the  yellow-colour  of  the  mixture  has  changed  to  greenish, 
the  hydrated  oxide  is  precipitated  from  it  by  adding  carbonate  of  lime  in 
excess,  and  i4>plying  a  gentle  heat.  (Fuchs,  /.  pr,  Ckem,  5,  318.) — 
Z*  A  solution  of  hydrochlorate  of  stannous  oxide,  saturated  as  far  as 
possible  with  ammonia,  is  mixed  in  excess  with  the  dark  red  solution  of 
basic  hydrochlorate  of  ferric  oxide,— obtained  by  saturating  aqueous 
hydrochlorate  of  ferric  oxide  with  recently  precipitated  hydrate  of  ferric 
oxide,  or  by  mixing  the  aqueous  solution  of  the  hydrocblorate  of  ferrio 
oxide  with  as  mu<A  ammonia  as  can  be  added  to  it  without  producing  a 
permanent  precipitate — and  the  mixture  heated  to  60^  in  a  vessel  com- 
pletely filled  with  it.  The  liquid,  which  is  dark  brown  at  first,  gradually 
loses  its  colour,  and  the  hydrated  sesquioxide  of  tin  is  precipiUted  free 
from  iron.  (Berselins,  Pogg,  28,  443.) — White,  with  a  tinge  of  yellow. 
(Fuchs.)  The  precipitate,  which  is  gummy  and  difficult  to  wash,  dries 
up  to  a  mass  of  yellow,  translucent  granules.  The  hydrate  turns  black 
when  ignited  out  of  c^mtact  of  air.  It  dissolves  completely  in  ammonia, 
and  is  therefore  not  a  mere  mixture  of  stannic  and  stannous  oxides,  inas- 
much as  the  latter  is  insoluble  in  ammonia.  (Berzelius.) — [Probably, 
however,  it  is  a  salt^SnO,SnO^,  containing  the  soluble  modification  of 
stannic  aeid.] 

6.  Anomalous  StannaU  of  Stannous  Oxide. — When  hydrated  stannic 
oxide,  obtained  by  treating  tin  with  nitric  acid,  is  digested  in  cold 
aqueous  hydrochlorate  of  stannous  oxide,  it  abstracts  the  whole  of  the 
stannous  oxide,  and  is  converted  into  an  orange-yellow  compound  of 
anomalous  stannic  acid  with  stannous  oxide.  (Fremy,  N,  J.  Pharm,  1, 
344.)  According  to  Fremy's  statement,  the  composition  of  this  substance 
is  probably  SnO,dSnO^ 

B.  Staitnio  Oxibi.    Stankxo  Acid.    SnO*. 

Binoxide  of  Tin,  Peroxide  of  Tin,  Zinnoxyd,  Zinmaure,  Deutoxyde 
c^Etain,  Oxyde  stanniqw,  Acide  stannique^—Vonud  native  in  the  form  of 
Tinrstone  and  Wood-tin. 

Formatum.  Tin,  when  heated  in  the  air  to  its  boiling  point,  bums 
with  a  bright  white  flame,  and  is  converted  into  stannic  oxide:  Flowers 
of  Tin,  Zinnblumen,  Fhres  gianni  ».  Jovis.     When  fused  in  the  air,  it 
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becomes  ooyered  with  a  ^ej  film,  and  is  converted  into  a  grey  mixtore 
of  metallic  tin  and  stannic  oxide— TVn-oaA — which,  by  longer  ignition,  is 
converted  into  pure  stannic  oxide. — Tin  immersed  m  water  containing 
y^  part  of  potash,  becomes  dull,  and  imparts  a  small  quantity  of  stannic 
oxide  to  the  liquid.  (A.  Vogel,  J.  pr,  Ghem.  14,  107.)— 2.  Stannic  oxide 
is  formed  in  the  decomposition  of  aqueous  vapour  by  red-hot  tin.  (Gay- 
Lussac,  Renault.) — 3.  By  nitric  acid  tin  is  converted  rapidly,  and  with 
violent  evolution  of  heat,  into  hydrated  stannic  acid,  nitrate  of  ammonia 
being  at  the  same  time  produced.  Proust  states  that  the  oxidation 
of  melted  tin  by  fuming  nitric  acid  produces  explosion. — 4.  With  heated 
oil  of  vitriol  tin  produces  sulphurous  acid  and  stannic  sulphate. — 5.  The 
deflagration  of  tin  with  nitre  produces  stannate  of  potash. — 6.  When  tin 
is  heated  with  mercuric  oxide,  stannic  oxide  and  metallic  mercury  are 
formed. — 7.  Stannous  oxide  remains  unaltered  in  dry  air  at  ordinary 
temperatures;  in  damp  air,  it  is  converted,  in  the  course  of  a  year,  into 
stannic  oxide.  (Proust.)  When  heated  in  the  air,  or  when  merely 
touched  by  a  spark  from  the  flint  and  steel,  it  bums  like  tinder,  with 
great  rapidity,  and  produces  a  small  quantity  of  white  smoke.  Hydrated 
stannous  oxide  likewise  burns  in  the  flame  of  a  candle,  but  less  rapidly. 
(Berzelius.) — Hydrated  stannous  oxide  placed  in  contact  with  carbonate 
of  copper  under  water,  liberates  carbonic  acid  and  forms  a  mixture  of 
stannic  oxide  and  crystalline  laminae  of  copper.  (Proust.) 

Preparaiion.  1.  By  rapid  or  slow  combustion  of  tin. —  2.  By  preci- 
pitating the  hydrate  from  hydrochlorate  of  stannic  oxide  by  means  of 
ammonia  or  carbonate  of  potash,  and  then  washing  and  igniting. — 
3.  By  oxidating  tin  with  nitric  acid  and  igniting  the  hydrate  after  wash- 
ing-— 4.  By  heating  1  part  of  tin-filings  in  a  retort  with  4  parts  of  mer- 
curic oxide.  (Berzelius.) 

Properties.  Tin-stone  belongs  to  the  square  prismatic  system;  Fig. 
21,  29,  30,  and  other  forms.  <?:e'=133^  36' 18*;  e:tf''  =  67°  42' 32". 
Cleavage  parallel  to  e.  (Hauy.)— Specific  gravity  6639  (Herapath), 
6-96.  (Mobs.)  Harder  than  felspar;  transparent,  brownish-yellow.  Often 
coloured  black  by  ferric  and  manganic  oxide. — ^The  oxide  prepared  by 
method  (I)  is  white;  all  the  other  artificial  varieties  are  straw-yellow 
powders  which  redden  litmus,  and,  when  heated,  acquire  a  transient 
orange-yellow  and  brown  tint.  Specific  gravity  of  the  artificial  oxide— 
6-90  (Boullay);  of  that  prepared  by  (3),  C-64  (Berzelius).  Stannic  oxide 
m  all  Its  forms  is  very  refractory,  and  not  volatile. 

Proust.  J.  Davy.  Thomson. 

Sn    69     ....     78-67      ....      781    —    78'4      ....       7834       ....       78-38 

^Q    Ifi     "•     21-33       ....       21-9    —    21-6       ....       2166       ....       21-62 

Sn03    ....       75  ....     100-00       ....     1000    —  1000       ....     100-00       ....     lOO'OO 

Gay-Lussac.  Berzelias.  Klaproth. 

Sn 78-6        ....        78-62        ....        79-5 

20 21-4         ....         20-38  20-5 

SnOS 1000        ....       10000        ....       100-0 

Sn08  =  735-29  +  2  .  100  =  935-29.     (Berzelius.) 

Decompositions,  By  potassium  and  sodium  with  the  aid  of  gentle 
heat,  stannic  oxide  is  reduced  to  the  metallic  state,  the  reduction  being 
attended  with  incandescence.~It  is  also  reduced  to  the  metallic  state  by 
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cfaftrooftl  at  a  strong  red  heat  (also  before  the  blowpipe  on  charcoal,  if 
carbonate  of  soda  be  added  and  the  flame  strongly  urged);  likewise  by 
carbonic  oxide  gas  (Despretz,  Ann,  Chim,  Fhy$.  43,  222;  Leplaj  & 
Laurent,  Ann,  Chim,  Pkys,  65,  404;  Gmelin);  also  by  a  mixture  of  equal 
Tolnmes  of  carbonic  oxide  and  carbonic  acid  gases  (Leplay  &  Laurent); 
•^by  the  oxy-hydrogen  blowpipe  (Clark,  Pfaff),  and  by  a  current  of 
hydrogen  gas  at  the  temperature  at  which  tin  decomposes  water 
(Despretz) ;^-easily  at  a  low  red  heat  by  cyanide  of  potassium,  which  is 
thereby  conyerted  into  cyanate  of  potash.  (Liebig.) — By  sulphur  it  i« 
oonyerted  into  bisulphide  of  tin,  with  eyolution  of  sulphurous  acid. 

Combinations,  Stannic  acid  exists — as  disco  yered  by  Berzelins — ^in 
two  isomeric  states,  and,  accordingly,  forms  two  series  of  compounds  with 
water,  acids,  and  bases.  The  hydrate  obtained  by  the  action  of  nitric 
acid  upon  tin  contains  the  acid  aSnO',  which  combines  with  the  smaller 
quantity  of  base,  and  is,  therefore,  analogous  to  metaphospboric  acid  : — 
h.  The  hydrate  obtained  by  precipitating  bichloride  of  tin  with  an  alka- 
line carbonate  contains  the  acid  6SnO',  which  saturates  three  times  as 
much  base  as  the  former,  and  is,  therefore,  analogous  to  ordinary  phos- 
phoric acid. — Berzelius  calls  the  former  of  these  modifications,  Oxydum 
sfannicum,  and  the  latter  Oxydum  parastannicum;  Frcmy  distinguishes 
the  former  as  Acide  stannique,  and  the  latter  as  Acide  metattannique.  It 
would,  howeyer,  be  better  to  reyerse  these  denominations,  so  as  to  make 
them  agree  with  those  of  the  modifications  of  phosphoric  acid.* — For  the 
present,  the  acid  obtained  by  the  action  of  nitric  acid  upon  the  metal 
may  be  distinguished  by  the  epithet  Anomalous. — ^  H.  Rose  is  of  opinion 
that  there  exist  other  modifications  of  stannic  oxide  besides  those  distin- 
guished by  Berzelius:  in  particular,  he  mentions  Tin-stone,  and  the  ignited 
oxide,  with  which  the  product  obtained  by  heating  stannic  oxide  to  red- 
ness with  alkaline  carbonates,  is  probably  identical.  Rose  is  moreoyer 
inclined  to  regard  the  difi'erence  between  the  oxides  a  and  b  as  due,  not 
to  any  difference  of  saturating  power  which  they  may  possess  as  acids^ 
but  to  some  other  cause.  (Pogg.  75,  1 .)  If 

a.  With  Water.  — «.  Anomalous  Hydrate  of  Stannic  Acid.— 
Formed  by  completely  oxidizing  tin  with  moderately  strong  nitric  acid, 
and  washing  the  resulting  white  powder  with  water,  till  the  liquid  which 
runs  through  no  longer  reddens  litmus-paper. — It  is  a  white  powder, 
which  has  a  density  of  4-933,  and  reddens  litmus,  even  when  thoroughly 
washed,  although  when  ignited,  it  gives  off  nothing  but  pure  water, 
without  any  nitric  acid  or  nitrogen  gas.  (Berzelius.) — The  hydrate  dries 
up  at  55"^,  m  the  form  of  colourless,  translucent,  friable  lumps,  having  a 
conchoidal  fracture.  When  dried  at  ordinary  temperatures,  it  is  white 
and  opaque,  with  a  silky  lustre,  and  contains  twice  as  much  water  as 
when  dried  at  the  higher  temperature.  (Thomson,  Ann,  Phil,  10,  149.) 


Thomson. 

Berzelius. 

Dried  at  55^ 

tfSnO»    

75 

•.»• 

89-29 

.......                oa               .... 

80-64 

HO 

9 

■•■• 

10-71 

11 

19-36 

HO,aSnO> 

84 

>••. 

10000 

100 

....       100-00 

f  According  to  Fremy  (N,  Ann,  Chim.  Phys,  23,  393),  the  anomalous 
hydrate  of  stannic  acid  [hydmte  of  metastannic  acid]  dried  at  ordinary 
temperatures  in  air  free  from  moisture,  consists  of  Sn*0*^+10HO;  when 

*  In  Fremy's  later  memoirs  (e.g.  N,  Ann.  Chim,  Phys,  23,  393)  this  change  is 
actually  made. 


74  TIN, 

dried  ia  vacao,  it  oontains  Sii'0^+5H0;  wlien  ke^  for  several  boors  at 
130%  it  is  redueed  to  SnK)^<^+4H0;  and  ai  leO"*  it  gives  off  another 
atom  of  water  and  becomes  Sn'O'* + dHO.  The  most  permanent  of  ibeee 
bjrdrates  is  tbat  wbicb  contains  5U0.  [The  composition  per  cent,  of 
this  hydrate  is  the  same  as  that  of  the  ordinarj  hydrate  of  stannic  acid 
dried  in  vacuo,  SnO'^HO.]  {Comp,  Schaffner,  Ama.  Fkarm.  56,  174.) — 
On  dissolving  any  of  the  above-mentioned  hydrates  in  caustic  potash, 
and  precipitating  bj  an  add,  a  precipitate  of  stannic  acid  (nukutcuMM 
mcid)  is  obtained,  insoluble  in  nitric  acid,  but  s<duble  in  ammonia.  T 

P,  Ordinary  Hydrate  of  Stannic  Acid,  I.  By  precipitating  hydr>- 
chlorate  of  stannic  oxide  with  carbonate  of  lime,  not  in  excess.  The 
washed  precipitate  reddens  litmus.  (Fremy,  iT.  J,  Pharm,  1,  342;  also 
Pogg,  55,  519).  If  carbonate  of  potash  is  used  as  the  precipitant  instead 
of  carbonate  of  lime,  the  precipitate  obtained  consists  of  stannate  of 
potash,  which,  under  these  circumstances,  is  insoluble  in  water.  (Fremv.) 
— 2.  By  precipitating^  with  a  caustic  alkali  and  washing  thoroughly. 
The  gelatmous  precipitate  resembles  pieces  of  glass  when  dry;  it  red- 
dens moistened  litmus-paper,  and  is  slightly  soluble  in  water.  (Berzelius.) 
— The  ordinary  hydrate  of  stannic  acid  contains  more  water  than  the 
anomalous  hydrate,  and,  when  boiled  in  water,  or  dried  for  some  time  in 
yacuo  over  oil  of  vitriol  at  ordinary  temperatures,  gives  off  water,  and 
is  converted  into  the  anomalous  hydrate.  (Graham,  Ann.  Pharm.  13, 
146.)  According  to  Fremy,  also,  this  hydrate  contains  more  water  than 
the  anomalous  hydrate,  and  is  converted  iuto  the  latter  by  drying  at  a 
atrong  heat.  [Fremy's  later  results  have  already  been  given,  vid,  gupj] 

h.  With  Acids,  forming  the  Salts  op  Stanihc  Oxide,  or  Stankzo 
Salts. — The  native  oxide,  and  likewise  the  artificial  oxide  after  ignition, 
are  quite  incapable  of  combining  with  acids.  By  ignition  with  excess 
of  caustic  or  carbonated  potash  or  soiU,  the  oxide  is  rendered  soluble  in 
acids. 

a.  Anomalous  Stannic  Salts. — The  anomalous  hydrate  of  stannic  acid 
does  not  dissolve  in  acids,  but  takes  up  some  of  them,  e.  g.  sulphuric  and 
hydrochloric  acid,  in  small  quantity.  When  the  compound  thus  formed 
with  sulphuric  acid  is  digested  in  water,  after  the  excess  of  acid  has  been 
removed  by  decantation,  it  gives  up  to  the  water  the  acid  which  it  has 
taken  up;  the  hydrochloric  acid  compound  dissolves  in  water,  but  is  pre- 
cipitated from  the  solution  by  acids.  (Berzelius.)  [vid.  Anomalcyva  Hy- 
drochlorate  of  Stannic  Oxicfe.]— IT  The  solutions  obtained  in  the  manner 
just  described  are  decomposed  by  boiling,  the  stannic  oxide  being  com- 
pletely precipitated,  and  the  more  quickly  in  proportion  as  the  quantity 
of  free  acid  in  the  solution  is  less. — Caustic  potasn  or  soda  added  to  the 
solution  throws  down  a  white  precipitate  of  the  hydrated  oxide,  soluble 
in  a  moderate  excess  of  the  re- agent,  but  re*precipitated  on  the  addition 
of  a  larger  quantity.  The  precipitate  thus  formed  disappears  on  the 
addition  of  water;  according  to  Weber,  it  contains,  when  dried  at  100^ 
K0,Sn'0"+3H0. — Ammonia  gives  a  white  precipitate  insoluble  in 
excess;  the  addition  of  tartaric  acid  does  not  prevent  the  precipitation. 
—Carbonate  of  potash  also  gives  a  white  precipitate,  insoluble  in  excess. 
— A  solution  of  oSnO*,  in  the  smallest  possible  quantity  of  hydrochloric 
acid,  gives  no  precipitate  with  phosphoric  acid,  but  a  copious  white  pre- 
cipitate, in  the  conrse  of  12  hours,  with  arsenic  acid. — Nitrate  of  silver 
gives  a  white  precipitate,  from  which  ammonia  dissolves  out  chloride  of 
•ilver  and  leaves  a  residue  of  stannic  oxide.— Tincture  of  galls  gives. 
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after  a  few  hoiin^  a  wbitish-yellow  preoipitate.— Salpharie  aeid,  added 
to  a  solution  of  aSnO'  in  hydroohlorio  acid— ^yen  if  the  bjdrochlorie 
acid  is  in  considerable  excess — ^produces  a  oopioas  precipitate,  consisiinff 
of  stannic  oxide  and  sulpbaric  acid,  the  latter  of  which  may  be  extracted 
by  water.  The  precipitate,  if  heated  with  hydrochlorate  or  nitric  acid, 
dissolves  on  the  addition  of  water.  The  solution,  when  left  to  itself  for 
a  while,  deposits  a  copious  precipitate.  Y 

/3.  Ordinary  Stannic  Salts,  These  salts  are  obtained  :  1.  By  exposing 
stannous  salts  to  the  air,  or  treating  them  with  chlorine,  or  heating  them 
with  nitric  acid,  care  being  taken  not  to  use  too  much.  Since  1  atom  of 
stannous  oxide  requires  but  1  atom  of  acid  to  form  a  normal  salt, 
whereas  1  atom  of  stannic  oxide  reqaires  2  atoms  of  acid  (II.  6),  it  follows 
that  if  a  normal  stannous  salt  is  to  be  conyerted  into  a  normal  stannic 
salt  by  the  action  of  the  air  or  of  nitric  acid,  it  must  first  be  mixed  with 
a  quantity  of  acid  equal  to  that  which  it  already  contains ;  in  default  of 
the  requisite  quantity  of  acid,  a  precipitate  is  formed  daring  the  oxidation, 
consisting  either  of  hydrated  stannic  oxide  or  of  a  basic  salt. — 2.  By 
dissolving  the  ordinary  hydrate  of  stannic  oxide  in  acids. — 3.  When  any 
specimen  of  stannic  oxide,  natural  or  artificial — previously  ignited  with 
potash,  and  thereby  rendered  soluble — is  treated  with  acids  [a  potash- 
salt  is,  however,  formed  at  the  same  time]. — Stannic  salts  are  colourless 
or  yellowish.  Those  which  are  soluble  in  water  redden  litmus  strongly, 
and  have  a  sour,  metallic,  and  styptic  taste.  Those  which  contain  a 
volatile  acid  readily  give  it  off  when  ignited.  Before  the  blowpipe  they 
behave  like  stannous  salts.  When  boiled  with  nitric  acid,  they  deposit 
the  anomalous  hydrate  of  stannic  oxide,  or  a  salt  of  that  base.  According 
to  H.  Rose,  the  same  result  is  produced  on  boiling  a  solution  largely 
diluted  with  water. — Zinc  and  cadmium  immersed  in  solutions  of  stannic 
salts,  precipitate  the  tin  in  the  dendritic  form.  Iron  precipitates  the 
tin  only  under  the  circumstances  mentioned  under  the  head  of  ttannous 
salts;  lead  ceases  to  act  as  soon  as  it  becomes  covered  with  a  coating  of 
metallic  tin.  (Fischer.) — Hydrosulphnric  acid  throws  down  from  these 
solutions,  even  when  they  contain  excess  of  acid,  a  yellow  precipitate  of 
hydrated  bisulphide  of  tin  :  the  precipitate  is  formed  immediately  on 
boiling ;  but  at  ordinary  temperatures,  and  in  dilute  solutions,  it  takes 
some  time  to  form.  The  same  precipitate  is  formed  by  hydrosulphate  of 
ammonia.  It  is  soluble  in  hydrosulphate  of  ammonia,  caustic  ammonia, 
caustic  potash,  and  carbonate  of  potash ;  the  solution  in  caustic  potash  or 
carbonate  of  potash  deposits  hydrated  stannic  oxide  after  a  while. 
(H.  Rose.) — Ammonia  throws  down  a  white  bulky  hydrate,  which  dissolves, 
with  some  turbidity,  in  a  very  large  excess  of  ammonia;  the  solution 
becomes  clear  after  standing  for  some  time,  but  subsequently  deposits  a 
copious  precipitate.  (Rose.)  The  precipitate  dissolves  reaidily  if  the 
solution  of  the  tin-salt  is  dilute— imperfectly,  if  it  is  concentrated.  (Gm.) 
Tartaric  acid  prevents  the  precipitation  by  ammonia.  (H.  Rose.)— Potash 
throws  down  a  white  bulky  hydrate  [containing  potash  f],  easily  soluble 
in  a  slight  excess  of  the  alkali. — Monocarbonate  of  potash  precipitates 
the  hydrate  [stannate  of  potash,  according  to  Fremyt  with  some  degree 
of  effervescence;  the  precipitate  dissolves  in  excess  of  the  re-agent,  but 
separates  again  completely  after  standing  for  a  while.  The  hydrate  pre- 
cipitated by  sesquicarbonate  of  ammonia  and  bicarbonate  of  potash  does 
not  dissolve  in  excess  of  those  re-agents.  (H.  Rose.) — Carbonate  of  baryta, 
strontia,  lime,  and  magnesia  precipitate  the  salts  of  stannic  oxide,  even 
in  the  cold  (Demar9ay) ;  the  hydrate  thereby  precipitated  is  free  from 
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alkali.  (Premy.)  Phosphate  of  soda  throws  down  white  phosphate  of 
stannic  oxide.  IT.  When  phosphoric  acid  (aPO^)  is  mixed  with  hydro- 
chlorate  of  stannic  oxide,  the  mixture  soliaifies,  in  the  course  of  a  few 
days^  to  a  colourless  jelly  :  arsenious  acid  gives,  after  a  while,  a  some- 
what copious  precipitate.  1". — Tincture  of  galls  shows  no  action  at  first, 
but  the  mixture,  after  a  while,  solidifies  in  a  gelatinous  mass.  (H.  Rose.) 
Succinate  of  ammonia  precipitates  stannic  salts  completely.  (Gahn  & 
Berzelius.) — Ferrocyanide  of  potassium  produces  a  white  turbidity  after 
some  time ;  subsequently  the  mixture  solidifies  to  a  stifi*  jelly,  insoluble 
in  hydrochloric  acid  :  the  greater  the  degree  of  dilution,  the  more  slowly 
does  the  solidification  take  place.  (H.  Rose.)  When  hydrochlorate  of 
stannic  oxide  is  boiled  with  acetate  of  soda  or  formiate  of  potash,  a  pre- 
cipitate is  formed,  which  re-dissolves  on  cooling,  or  when  washed  with 
cold  water.  (Liebig.) — Phosphuretted  hydrogen  gas  gives  no  precipitate 
with  hydrochlorate  of  stannic  oxide,  but  colours  it  yellow.  (H.  Rose.) 
Iodide  of  potassium,  chloride  of  gold,  oxalic  acid,  sulphuric,  nitric,  hydro- 
chloric, and  arsenic  acid,  and  ferrocyanide  of  potassium,  give  no  preci- 
cipitate.  ^.  If  the  solution  be  very  largely  diluted  with  water,  sulphuric 
acid  produces  a  slight  precipitate,  which,  however,  is  soluble  in  hydro- 
chloric acid.  Nitrate  of  silver  in  excess  gives  a  precipitate  perfectly 
soluble  in  ammonia.  IT. — Those  stannic  salts  which  are  insoluble  in  water, 
dissolve — provided  they  have  not  been  ignited — in  hydrochloric  acid,  but 
not  in  sal-ammoniac. 

c.  With  Salifiable  Bases,  forming  salts  called  St  annates. 

a,  Anomalotis  Stannatea,  By  dissolving  the  anomalous  hydrate  in 
aqueous  alkalis.  These  salts  are  composed  of  3  At.  stannic  acid,  with 
I  At.  metallic  oxide,  =:MO,dSnO^  and  contain  water  as  an  essential  con- 
stituent, by  virtue  of  which  the  stannic  oxide  acquires  the  character  of  an 
acid  j  hence,  when  the  salts  are  heated,  the  stannic  oxide  is  separated  in 
the  anhydrous  state.  By  ignition  with  an  alkali,  the  anomalous  stannates 
are  converted  into  ordinary  stannates.  (Fremy.)  Acids  added  to  the 
solution  of  the  hydrate  in  aqueous  caustic  alkalis,  or  alkaline  carbonates, 
precipitate  the  hydrate  in  the  anomalous  state ;  consequently,  the  preci- 
pitate is  not  soluble  in  excess  of  the  acid.  (Berzelius.) 

/3.  Ordinary  Stannates,  1.  By  dissolving  the  ordinary  hydrate  of 
stannic  acid  in  aqueous  alkalis. — 2.  By  fusing  the  anhydrous  acid,  or 
either  of  its  hydrates,  in  a  silver  crucible,  with  caustic  potash  or  car- 
bonate of  potaish. — 3.  The  stannates  of  the  earthy  alkalis,  earths  and 
heavy  metallic  oxides,  are  obtained  by  precipitating  the  soluble  salts  of 
these  bases  with  the  stannate  of  potash  obtained  by  either  of  the  preceding 
methods.  (Berzelius.)  The  ordinary  stannates  contain  at  most  1  atom  of 
base  to  1  atom  of  acid,=MO,SnO*.  (Moberg,  Berz,  Jahresher,  22,  142; 
also  J,  pr.  Chem,  28,  230;  Fremy.)  The  stannates  of  the  fixed  alkalis, 
if  they  do  not  contain  excess  of  alkali,  are  resolved,  by  ignition,  into 
anhydrous  stannic  acid,  and  a  compound  of  a  small  quantity  of  stannic 
acid  with  the  whole  of  the  alkali.  Acids— even  carbonic  acid— decom- 
pose them,  throwing  down  the  ordinary  hydrate  of  stannic  acid. 
(Berzelius.) 

According  to  Kastncr  {Katt.  Arch,  19, 423)  there  exists  a  Stannureited  Hydrogen 
gas. 

Carbonic  acid  does  not  combine  with  either  of  the  oxides  of  tin.  (Bergman,  Proust.) 
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Tin  and  Boron. 

Borate  op  Stannous  Oxide. — Borax  forms  with  hydrochlorate  of 
stannons  oxide,  a  white  precipitate  which  fuses  to  a  grey  slag.  ( Wenzel.) 

Tin  and  Phosphorus. 


A.  Phosphide  op  Tin. — a.  Formed  by  throwing  phosphorus  upon 
melted  tin,  or  by  fusing  together  equal  parts  of  tin  and  glacial  phosphoric 
acid,  whereby  phosphate  of  stannic  or  stannous  oxide  is  likewise  formed. 
(Pelletier,  Landsrebe,  Schw.  55,  106.)  The  compound  may  also  be  formed 
by  heating  in  a  olast-fumace  for  an  hour :  6  parts  of  tin-filings  or  8  of 
sUtnnic  oxide  with  1  charcoal,  10  bone-ash,  5  pounded  quartz,  and  5 
boracic  acid.  (Berthier,  Ann,  Chim,  Pkys,  33,  180.)  Silver-white  (lead- 
coloured  :  Berthier).  May  be  cut  with  the  kuife ;  extends  under  the 
hammer,  but  at  the  same  time  splits  into  lamins.  Contains  from  13  to 
1 4  per  cent,  of  phosphorus,  which  burns  away  on  the  application  of  heat. 
(Pelletier.)  6.  When  the  compound  of  bichloride  of  tin  with  phosphn- 
retted  hydrogen  is  decomposed  by  water,  the  phosphuretted  hydrogen,  as 
it  escapes,  reduces  the  bichloride  of  tin  to  the  state  of  protochloride, 
and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of  a  yellow 
powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxi- 
dizes readily  in  the  air.  When  washed  and  dried  out  of  contact  of  air, 
it  exhibits  the  phosphorus  flame  before  the  blowpipe.  When  ignited  in 
hydrogen  gas,  it  gives  up  its  phosphorus,  amounting  to  5 5 '43 — 56 '88 
per  cent.,  and  is  converted  into  metallic  tin.  (H.  Rose,  Pogg.  24,  326.) 

B.  Phosphite  op  Stannous  Oxide,  or  Stannous  Phosphite. — Hy- 
drochlorate  of  stannous  oxide  is  precipitated  by  phosphite  of  ammonia,  and 
the  white  precipitate  washed  till  the  wash- water,  after  boiling  with 
nitric  acid,  no  longer  gives  a  turbidity  with  solution  of  silver.  The  salt, 
when  heated  in  a  retort,  blackens  without  tumefaction,  fuses  without 
glowing,  gives  off  hydrogen  rich  in  phosphorus,  and  yields  a  sublimate  of 
phosphorus.  It  is  readily  oxidized,  with  formation  of  a  jelly,  by  warm 
nitric  acid,  and,  on  subsequent  evaporation  and  ignition,  yields  109*54 
per  cent,  of  stannic  phosphate,  containing  74'16  stannic  oxide  and  35*38 
phosphoric  acid.  Its  solution  in  hydrochloric  acid  exerts  a  powerful 
reducing  action  on  several  metals.  (H.  Rose^  Pogg,  9,  45.) 


H.  Rose. 

2SaO 

134-0 

•  ••« 

67-54 

66-24 

P03 

55-4 

■  «•• 

27'92 

27'44 

HO 

90 

•  *■« 

4-54 

6-32 

2SnO,P03  +  Aq.    .. 

198-4 

•  ••• 

lOO'OO 

100-00 

In  consequence  of  the  difficulty  of  drying  the  salt,  the  analysis  gave  too 
much  water.  (H.  Rose.) 

C.  Phosphite  of  Stannic  Oxide,  or  Stannic  Phosphite. — The 
aqueous  solution  of  bichloride  of  tin  gives,  with  phosphite  of  ammonia,  a 
white  precipitate  which  dries  up  to  a  glassy,  brittle  mass.  This,  when 
heated,  gives  off  merely  water,  without  any  gas,  because  the  binoxide  of 
tin  is  converted  into  protoxide:  hence  the  residue  is  soluble  in  hydrochloric 
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acid.  According  to  tbis^  the  precipitate  appears  to  consist  of  2SnO^PO'. 
(H.  Rose,  Pogg,  9,  47.) 

D.  Phosphate  of  Stannous  Oxide,  or  Stannous  Phosphate. — Di- 
phosphate of  soda  added  to  a  solution  of  protochloride  of  tin,  throws 
down  a  white  powder,  insoluble  in  water  and  in  aqueous  sal-ammoniac, 
but  soluble  in  hydrochloric  acid:  it  yitrefies  in  the  fire. 

Tin  and  Sulphur. 

Protosuiphxbb  op  Tin. — ^Stannous  Sulphide. — Sulphostannous 
Acid. — Tin-foil  in  narrow  strips  takes  fire  in  sulphur  rapour.  (Win- 
kelblech.) — The  protosulphide  is  formed  when  sulphur  is  mixed  with  tin 
heated  above  its  melting  point.  Since  the  mass  thus  formed  still  contains 
nncombined  tin,  it  must  be  pounded  and'  heated  with  fresh  sulphur  in  a 
close  vessel.  Dark  lead-grey;  of  laminar  texture ;  crystallizable ;  some- 
what tough;  not  easily  pulverized  (Berthier);  much  less  fusible  than  tin. 
By  electrolysis,  Becquerel  obtained  sulpbide  of  tin  in  white  cubes 
possessing  the  metallic  lustre.  (I.  395.) 

J.  Davy,       Bergman. 

Berzelius.        Proast.       Pelletier.     Vauqnelin. 

Sn   59    ....     7a-67        ....        78'6      ....      80      ....      85      ....      85-9 

S 16     ....     21-33        ....         21-4       ....       20       ....       15       ....       14*1 

SnS 75    ....  10000        ....       lOO'O      ....     100      ....     100       ....     1000 

At  a  red  heat,  it  slowly  converts  hydroffen  gas  into  hydrosnlphurio 
acid.  (H.  Rose.)  If  the  hydrogen  be  passed  over  it  for  a  longer  time, 
nothing  but  metallic  tin  remains.  (Eisner,  •/.  pr.  Ckem,  17,  233.) — With 
phosphuretted  hydrogen  gas  at  a  gentle  heat,  it  is  slowly  decomposed, 
yielding  hydrosalplinric  acid,  sublimed  phosphorus,  and  a  residue  of  tin. 
(H.  Rose,  Fogg.  24,  235.) — When  fused  with  cyanide  of  potassium,  it 
yields  metallic  tin  and  sulphocyanide  of  potassium.  fLiebig.) — Chlorine 
at  ordinary  tempeiatures  converts  it  into  liquid  bichloride  of  tin  and  a 
crystalline  compound  of  that  substanoe  with  bichloride  pf  sulphur. 
(H.  Rose.) 

2S]iS  +  8Cl  s  f;aCP  +  SiiCI3,2SCl3. 

75  parts  (1  At.)  of  stannous  sulphide  heated  to  whiteness  in  a  charcoal 
crucible  with  53'2  parts  (1  At.)  of  dry  carbonate  of  soda,  yield  29-37 
parts  (4  At.)  of  tin  and  a  grey  slag  containing  sulphide  of  tin,  sulphide 
of  sodium,  and  carbonate  of  soda.  With  a  larger  quantity  of  carbonate  of 
soda,  the  quantity  of  tin  reduced  does  not  exceed  three-fourths  of  the  whole. 
Carbonate  of  soda  without  charcoal  decomposes  part  of  the  sulphide  of  tin  at 
a  red  heat  by  oxidating  the  metal.  (Berthier,  Ann,  Chim.Pkys.  43, 169.)— 
Aqueous  hydrochloric  acid  readily  dissolves  protosulphide  of  tin,  evolving 
sulphuretted  hydrogen  and  forming  hydrochlorate  of  stannous  oxide. 
Potash-ley  has  no  action  upon  it.  (Proust.) — The  protosulphide  appears 
to  be  capable  of  mixing  with  tin  by  fusion  in  all  proportions. 

Hydrated  Protosulphide  of  Tin,  or  Hydrosulphate  of  Stannous  Oxide. 
—The  black-brown  precipitate  which  liydrosulphuric  acid  or  alkaline 
hydrosulphates  produce  with  protochloride  of  tin,  washed  with  boiling 
water. — Black  when  dry. — ^When  heated,  it  gives  off  water  and  a  small 
quantity  of  sulphur(?),  and  is  converted  into  the  anhydrous  proto- 
sulphide. With  hydrochloric  acid,  it  behaves  like  the  auhydrous  sul- 
phide. (Proust.)     Not  soluble  in  aqueous  sulphurous  acid.  (Berthier.) 
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B.  SssaviBirLFHfBB  OF  TiN. — Bj  gently  igniting  an  intimate  mixture 
of  S  parts  of  stannous  sniphide  and  1  part  of  snlphar  in  a  retort.  100 
parts  of  stannous  sniphide  thas  treated  lake  np  10*5  parts  of  sulphar.-— 
Grejish'jellow,  with  metallic  lustre. — ^When  strongly  ignited  in  a  close 
Tessel,  it  gives  off  one-third  of  its  snlphar.-— With  potash- ley  it  yields  a 
solution  of  snlpfaostannate  of  potassium  and  stannate  of  potash,  and  a 
residue  of  protosnlphide  of  tin.  Concentrated  hydrochloric  acid  conrerts 
it  into  bisulphide  of  tin,  learing  ^  [^  t]  of  the  tin  in  the  form  of  protoxide. 

Benelioi. 

2Sn    118      ....      71-08        71 

3S      48       ....      28-92        29 

Sii«S»     166      ....    10000        ZZ      loo" 

Bydrated  Sesquisulphide  of  Tin. — Separates  in  the  form  of  a  lirer- 
coloured  powder  on  digesting  a  saturated  solution  of  sulphostannate  of 
potassium  with  bisulphide  of  tin.  By  digestion  with  caustic  potash  it  is 
converted  into  black  protosnlphide.  (Berzelius.) 

C.  BisvLPHiDBOF  Tin. — Stannic  Sulphidb. — SuLPHoeTANNicAciB. 
"■^Mosaic  Gold,  Aurum  mosaicum  s,  musivum. — Comp,  Woulfe  (CrelL  Ckem, 
J.  J,  140);  Bullion  {Crell.  Ann,  1793,  1,  89);  Pelletier  {CrelL  Ann. 
1797,  1,  46);  Proust  (i^.  Gehl.  1,  250). 

Formation,  1.  By  heating  sulphur  with  protochloride  or  ammonio- 
protochloride  of  tin,  whereupon  one^half  of  the  tin  combines  with  the 
sulphur,  and  bichloride  of  tin  or  chlorostannate  of  ammonium  volatilizes. — 
In  the  preparation  of  mosaic  gold  from  tin,  sal-ammoniac,  and  sulphur, 
the  reaction  appears  to  pass  through  the  two  following  stages:  First, 
there  is  formed,  with  evolution  of  hydrogen  gas  and  ammonia,  a  com- 
pound of  protochloride  of  tin  with  sal-ammoniac  {chlorostannite  of  ammO' 
nium): 

2Sn  +  4(NH»,HCl)  =  2(NH»HCl  +  SiiCl)  +  2H  +  2NH«. 

Afterwards,  when  the  temperature  rises  higher,  the  sulphur  abstracts 
half  the  tin,  while  a  compound  bichloride  of  tin  with  sal-ammoniac 
{cklorosianncUe  of  ammonium)  sublimes,  together  with  free  sal-ammoniac. 

2(NH»,  HCl  +  SnCl)  +  28  -»  SnS*  +  (NH»,  HCl  +  SqCI*)  +  NH»,  HCl. 

If  amalgam  of  tin  is  used,  cinnabar  likewise  sublimes.— >2.  By  heating 
protoxide  [in  which  case,  according  to  Proust,  incandescence  is  produced  I 
or  binoxide  of  tin  with  silver. — 3.  When  protosulphide  of  tin  is  heated 
with  cinnabar,  whereupon  mercury  is  set  free  (Pelletier)  [This  mode  of 
formation  is  denied  by  Proust]; — or  with  corrosive  sublimate — whereby 
bichloride  of  tin  and  cinnabar  are  produced  at  the  same  time  (Woulfe); 
»-or  with  sal-ammoniac  and  sulphur. — 4.  By  heating  hydrated  proto- 
sulphide of  tin. 

Preparation*  a.  Protochloride  of  tin  and  sulphur  (Proust); — ft.  Equal 
parts  of  sifted  tin-filings,  sulphur,  and  sal-ammoniac  (Pelletier)  [Gives  a 
less  beautiful  preparation  than  e  (Woulfe)]; — C.  4  parts  of  tiu-filings,  3  sulphur, 
2  sal-ammoniac  (Woulfe);— <£.  A  pulverized  amalgam  of  2  parts  tin  and 
2  mercury^  with  \\  sulphur  and  I  sal-ammoniac  (Th^nard); — e.  A 
pulverized  amalgam  of  12  parts  tin  and  6  mercury,  with  7  sulphur  and 
6  sal>ammoniac  [wherebj  \\  pt.  volatile  liver  of  sulphur,  13^  sublimed  matter,  and 
16  parts  of  fine,  and  for  the  most  part  sublimed^  mosaic  gold  are  obtained]  ( Woulfe). 

— /.  A  pulverized  amalgam  of  12  parts  tin  and  3  mercury  with  7  sulphur 
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and  3  sal-ammoniac;'*-^.  2  parts  stannons  oxide  and  1  sulphur  (Proust) 
[yields  2*4  mosaic  gold]; — h.  8  parts  stanuic  oxide,  7  sulphur,  and  4  sal- 
ammoniac  (Woulfe); — t.  10  parts  protosulphide  of  tin,  5  sulphur,  and 
4  sal-ammoniac  (Woulfe); — k.  5  parts  protosulphide  of  tin,  1  proto- 
chloride,  and  2  sulphur  (Woulfe); — I.  5  parts  protosulphide  of  tin  and 
8  corrosive  sublimate  (Woulfe)  [gives  a  very  beautiful  preparation] ; — m.  Hy- 
drated  bisulphide  of  tin  [obtained  by  deflagrating  tin  with  nitre,  dissolving  the 
stannic  oxide  in  hydrochloric  acid,  and  precipitating  with  solution  of  liver  of  sulphur] 
(Van  Mons). 

Either  of  these  mixtures  or  compounds  is  heated  in  a  retort  or  a 
loosely-closed  flask  placed  in  the  sand-bath,  or  in  an  inyerted  Passau 
crucible,  having  its  mouth  closed  with  a  tile  and  its  upturned  base 
perforated  with  an  aperture,  which  is  covered  with  aludels.  (Woulfe.) 
A  gentle  heat  is  first  applied  for  some  hours ;  afterwards  the  heat  is 
raised,  but  not  quite  to  redness. — The  greater  part  of  the  mosaic  s^old  is 
found  at  the  bottom  of  the  vessel — ^the  smaller,  but  purer  and  finer 
portion,  sublimes. 

Properties, — Gold-coloured,  translucent,  delicate  scales  or  six-sided 

laminsB,  unctuous  to  the  touch.     Specific  gravity  4*425  (P.  Boullay); 

4,600  (Karsten). 

J.  Davy.  Berzelitts. 

Sn  59       ....       64'B4         63*6        ....         65 

2S  32       ....       35-16         36-4        ....        35 

SnS3   91       ....     10000         ZZ       1000        Z       100 

Decompontions.  By  ignition  it  is  resolved  into  sulphur  and  proto- 
sulphide of  tin,  a  portion  of  the  bisulphide,  however,  subliming  at  the 
same  time  in  a  very  beautiful  form.  If  the  action  of  the  heat  has  not 
been  long  continued,  protosulphide  of  tin  is  found  at  the  bottom,  above 
it  a  thin  layer  of  sesquisulphide,  and  undecomposed  mosaic  gold  at  the 
top.  (Berzelius.)  The  sulphurous  acid  gas  observed  by  Proust,  and 
previously  also  by  Berzelius,  is  not  evolved  unless  air  has  access  to  the 
heated  substance.  (Gay-Lussac,  Berzelius.) — 2.  Boiling  aqua-regia  con- 
verts it  into  sulphuric  acid  and  stannic  oxide.  Hydrochloric  acid  or 
nitric  acid  alone  has  no  action  on  it. — 3.  Deliquesces  in  chlorine  gas  at 
ordinary  temperatures,  forming  a  brown  liquid,  and  afterwards  solidifies 
in  yellow  crystals  of  SnCP,2SCl'.  (H.  Rose.) — Mosaic  gold  dissolves  in  a 
heated  solution  of  potash  [also  in  carbonate  of  potash,  with  evolution  of 
carbonic  acid],  forming  stannate  of  potash  and  sulphostannate  of  potas- 
sium : 

3SnS«  +  3KO  =  KO,SnO»  +  2(KS,SnS2). 

(For  the  decomposition  by  litharge,  vid.  Lead-oxide,) 

Hydrated  Bisulphide  of  Tin,  or  Bi-hydrosvlphaie  of  Stannic  Oxide. — 
1.  By  precipitating  hvdrochlorate  of  stannic  oxide  with  sulphuretted 
hydrogen  or  an  alkalme  hydrosulphate. — 2.  By  precipitating  aqueous 
sulphostannate  of  potassium  with  hydrochloric  acid. — Light  yellow, 
loosely-coherent  flakes,  which  dry  up  to  dark  yellow,  hard  lumps,  having 
a  conchoidal  fracture.  When  gently  heated,  it  gives  ofi"  water,  sulphur, 
and  sulphurous  acid  (?),  and  is  reduced  to  mosaic  gold.  (Proust.)  At  a 
higher  temperature,  it  gives  off  the  rest  of  its  water  with  violent  decrepi- 
tation, and  is  at  the  same  time  reduced  to  sesquisulphide  by  the  loss  of 
^  At.  sulphur;  or  at  a  still  higher  temperature,  to  protosulphide.  (Ber- 
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zelins.)  Dissolves  in  boiling  hydrochloric  acid  with  evolution  of  sul- 
phuretted hydrogen,  and  is  thereby  converted  into  hydrochlorate  of 
stannic- oxide.  (Proust.) 

Bisulphide  of  tin  unites  with  the  more  basic  metallic  sulphides,  forming 
salts  called  SulphostanncUes,  These  compounds  are  obtained:  1.  By 
dissolving  either  the  anhydrous  or  the  hydrated  bisulphide  of  tin  in 
aqueous  alkaline  hydrosulphates  or  caustic  alkalis.  The  hydrated 
sulphide  dissolves  more  readily  than  the  anhydrous;  with  the  latter,  a 
boiling  heat  is  required,  to  insure  complete  saturation.  If  the  alkaline 
hydrosulphates  contain  2  atoms  of  hydrosulphuric  acid,  1  atom  of  the 
latter  is  expelled  with  effervescence.  When  caustic  alkalis  are  used,  the 
resulting  solution  likewise  contains  stannate  of  potash,  (vid,  sup.) — 2,  By 
precipitating  a  heavv  metallic  salt  with  aqueous  sulphostannate  of 
potassium.  Those  sulphostannates  which  contain  an  alkali-metal  are  not 
decomposed  by  ignition  in  close  vessels. 

D.  Tetrathionate  of  Stannous  Oxide. — Tetrathionic  acid  gives  a 
white  precipitate  with  hydrochlorate  of  stannous  oxide.  (Fordos  and 

E.  HyposulpkUe  of  Stannous  oxide? — ^Aqueous  sulphurous  acid  and 
metallic  tin  produce  protosulphide  of  tin  in  the  form  of  a  black  powder, 
and  a  solption  of  stannous  hyposulphite,  from  which  acids  evolve  sul- 
phurous acid  and  precipitate  sulphur.  (Fourcroy  &  Vauquelin.^  Ac- 
cording to  Berzelius,  and  likewise  according  to  Fordos  &  Gelis,  this 
process  yields  but  very  little  hyposulphite  of  staunous-oxide,  together 
with  the  sulphide,  but  on  the  other  hand,  a  large  quantity  of  sulphite,— 
the  tin,  in  fact,  behaving  exactly  like  cadmium  under  similar  circum* 
stances  (p.  57). 

F.  Sulphite  op  Stannous  Oxide,  or  Stannous  Sulphite. — Sulphite 
of  ammonia  added  to  hydrochlorate  of  stannous  oxide  throws  down,  at 
ordinary  temperatures,  the  greater  part,  and  at  a  boiling  heat,  the  whole 
of  the  stannous  oxide,  in  the  form  of  a  white  basic  salt.  This  salt 
gradually  gives  up  all  its  acid  to  boiling  water,  and  is  converted  into  pale 
yellow,  anhydrous  protoxide  of  tin.  (Berthier,  N,  Ann.  Chim^  Phys*  7> 
81;  Comp.  l3bttinger,  Ann,  Pharm.  51,  408.) 

IT  G.  Stannous  Hyposulphate. — Known  only  in  solution.  When 
concentrated  in  vacuo,  it  deposits  protosulphide  of  tin.  (Bouquet.)  IT 

H.  Sulphate  op  Stannous  Oxide,  or  Stannous  Sulphate.— 
a.  Basic, — Precipitated  on  mixing  h  with  an  alkali.  (A.  BerthoUet.) 

h.  Monosulpkate.  — 1 .  Protosulphide  of  tin  heated  with  red  oxide  of 
mercury  yields  the  anhydrous  salt,  which  bears  a  dull  red  heat  without 
decomposition.-~2.  By  heating  tin  in  oil  of  vitriol  slightly  diluted. — 3.  By 
dissolving  hydrated  stannous  oxide  in  sulphuric  acid.^-4.  Sulphuric  acid 
added  to  solution  of  hydrochlorate  of  stannous  oxide  throws  down  a  white 
powder.  The  liquid  obtained  by  (3),  and  the  solution  of  the  saline 
mass  (1),  (2),  or  of  the  white  powder  (4),  all  yield  needles  on  cooling. 
(A.  Berthollet.)  At  a  red  heat  the  salt  is  resolved  into  sulphurous  acid^ 
oxygen  gas,  and  stannic  oxide.  (Gay-Lussac.)  When  ignited  in  hydrogen 
gas,  it  leaves  metallic  tin  with  a  small  quantity  of  sulphide.  (Arfvedson, 
Poff^.  1,  74.)     H  According  to  Bouquet  {N.  J.  Pharm.  11,  459),  the  salt 
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SnO,  SO'  crystallizes  in  laminas  from  a  hot  satarated  solution  of  recently 
precipitated  stanaous  oxide  in  dilnte  snlphuric  acid.  It  is  very  soluble 
in  water;  the  solution  soon  becomes  turbid  from  deposition  of  a  basic 
salt,  but  its  transparency  is  restored  by  adding  a  few  drops  of  sulphuric 
acid.  When  ignited  it  leaves  stannic  oxide.  Combines  with  the 
sulphates  of  potash  and  ammonia^  forming  crystallizable  compounds.  IT 

I.  SuLPHATB  OP  Stannic  Oxidb,  or  Stannic  Sulphatb. — a.  Ordi" 
nary.  1.  By  dissolving  ordinary  hydrate  of  stannic  oxide  in  a^jueous 
sulphuric  acid. — 2.  By  heating  tin  with  excess  of  oil  of  vitriol,  where- 
upon sulphurous  acid  and  sulphur  are  given  off,  and  stannic  sulphate 
remains  behind.  Kraskowitz  {Pogg,  35,  518)  heats  1  part  of  granulated 
tin  with  3  parts  of  oil  of  vitriol  in  a  capacious  iron  vessel;  whereupon 
slight  effervescence  is  at  first  produced,  with  formation  of  a  white  scum; 
then  suddenly  great  heat  is  developed,  and  sulphurous  acid  mixed  with 
sulphur  vapour  is  given  off;  the  vessel  should  therefore  be  cooled  to 
prevent  frothing  over.  After  the  frothing  has  ceased,  the  excess  of  oil  of 
vitriol  is  driven  off  by  the  application  of  a  stronger  heat,  which  is  con- 
tinued till  the  residue  becomes  friable,  and  thereby  separable  from  the 
metallic  tin  mixed  with  it.  The  aqueous  solution  (1)  yields  no  precipi- 
tate on  boiling.  (Berzelius.) 

(.  Anomalous.  The  oxide  of  tin  produced  by  the  action  of  nitric 
acid  does  not  dissolve  in  sulphuric  acid  either  concentrated  or  dilute;  a 
portion  of  the  acid  is,  however,  absorbed  by  it,  with  tume&ction,  and  may 
be  extracted  by  water.  (Berzelius.) 

K.  S0LPHOCARBONATB  OP  STANNOUS  SuiPHIDE,  aod  SuLPHOCAR' 

BON  ATE  OP  Stannic  Sulphibb. — Aqueous  sulphocarbonate  of  calcium 
gives  a  dark  brown  precipitate  with  stannous  salts  and  brownish-yellow 
with  stannic  salts.  (Berzelius.) 


Tin  and  Selbnutm. 


A.  Seibnibb  op  Tin. — a.  Tin  combines  with  selenium,  on  the  appli- 
cation of  heat,  forming  a  grey,  metallic,  shining  substance,  which,  when 
heated  in  the  air,  is  readily  decomposed  without  fusion,  yielding  selenium 
which  volatilizes,  and  stannic  oxide  which  remains  behind. — b.  Biselenide 
of  Tin  may  be  obtained  by  precipitating  hydrochlorate  of  stannic  oxide 
with  hydroaelenic  acid. 

B.  Selenite  op  Stannic  Oxide. — White  powder,  insoluble  in  water, 
but  soluble  in  hydrochloric  acid,  and  precipitated  from  the  solution  on 
the  addition  of  water.  When  heated,  it  first  gives  off  water,  and  then 
the  whole  of  its  acid.  (Berzelius.)  Formula  of  the  dry  salt,  SnO»,  2ScO». 
(Muspratt.) 

Tin  and  Iodine. 

A.  Protiodide  op  Tin,  or  Stannous  Iodide.— /oiMto«noi«  Acid. 
1.  When  tin-filings  are  heated  with  a  twofold  quantity  of  iodine,  a 
brown-red,  translucent  compound  is  formed,  which  yields  a  dingy  orange- 
yellow  powder,  and  fuses  very  easily  (according  to  Sir  H.  Davy,  it 
volatilizes  when  heated  more  strongly);  the  combination  is  attended  with 
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noise  and  ignition.  (Gsj-Luaaac,  Rammelsberg,  Fogg,  iS,  169.)  IT  Ac- 
cording to  Henry  (Phil,  Traits.  1S45,  363),  tin  heated  with  twice  its 
weight  of  iodine,  yields  two  componnds,  the  protiodide  SnI,  and  the 
biniodide  SnP,  which  may  be  separated  by  sublimation;  the  latter 
Tolatilizing  at  180°  C.  while  the  former  remains  fixed  at  a  red  heat.  IT 
2.  A  dilute  solution  of  protochloride  of  tin  mixed  with  a  rery  slight 
excess  of  iodide  of  potassium  soon  deposits  a  large  quantity  of  yellowish^ 
red  crystalline  tufts.  If  the  mixture  was  warm,  the  iodide  of  tin  is 
deposited,  on  cooling,  in  fine  yellowish-red  needles.  (Boullay,  Ann.  Chint, 
Phys.  34,  372.)  Gay-Lussac  likewise  obtained  orange-yellow  silky 
crystals,  by  treating  the  iodide  of  tin  (1)  with  a  small  quantity  of  water, 
and  pouring  off  the  liquid  from  the  separated  hydrate  of  stannous  oxide-* 
that  liquid  containing  stannous  oxide  with  excess  of  hydriodic  acid. 
According  to  Gay-Lussac,  these  crystals  consist  of  acid  hydriodate  of 
stannous  oxide,  but,  according  to  Boullay's  analysis,  they  are  formed  of 
protiodide  of  tin* 

Protiodide  of  tin,  when  heated  in  the  air  in  contact  with  stannic 
oxide,  leaves  a  substance,  which,  when  treated  with  water,  is  resolved 
into  stannic  oxide  and  hydriodic  acid  which  dissolves.  (Boullay.)  The 
iodide  prepared  by  H)  is  easily  decomposed  by  water—- especially  with  the 
aid  of  heat,  and  tne  more  completely  in  proportion  as  the  quantity  of 
water  is  greater — ^yielding  hydrated  stannous  oxide  which  is  precipitated, 
and  aqueous  hydriodic  acid  containing  a  trace  of  tin.  (Gay-Lussac, 
Bammelsberg.)  IT  Dissolves  in  water  sparingly,  but  without  decompo- 
sition; fuses  readily  and  forms  a  dark-red  mass,  having  a  crystalline 
texture;  yields  a  powder  of  a  red  colour  and  considerable  lustre,  like  red 
lead.  (Henry.)  IT  The  iodide  (2)  dissolves  in  water  without  decomposi- 
tion, and  more  abundantly  in  warm  than  in  cold  water;  it  is  like- 
wise soluble  in  hydrochlorate  of  stannous  oxide.  Hence  it  is  not  preci- 
pitated from  a  solution  of  that  compound  by  small  quantities  of  iodide  of 
potassium.  (Boullay.)  Iodide  of  tin  combines  with  the  more  badsio 
metallic  iodides.  (Boullay.) 

Boullay  (2.) 

Sn  69        ....        31-89        3201 

1 126        ....        6811        67-99 

Snl     185        Z       lOO'OO        ZZ       lOO'OO 

When  tin  is  heated  in  excess  with  iodine  and  a  large  quantity  of 
water,  violent  action  ensues,  the  tin  is  rapidly  oxidated,  and  a  solution  of 
hydriodic  acid  is  formed,  containing  but  a  trace  of  tin.  (Gay-Losflac.) 

On  dissolving  in  aqueous  iodide  of  potassium  half  as  much  iodine  as 
it  already  contains,  and  adding  protochloride  of  tin  to  the  solution,  the 
colourless  mixture  yields  no  precipitate,  but  on  evaporation  deposits  a 
yellow  powder,  slightly  soluble  in  water,  probably  Sn^P.  (Boullay.) 

%  B.  Biniodide  op  Tin. — SnP. — 1.  Separated  by  sublimation  from 
the  mixture  of  protiodide  and  biniodide  obtained  by  heating  tin  with 
twice  its  weight  of  iodine  {mpra). — 2.  By  boiling  equal  parts  of  .proto- 
chloride of  tin  and  iodine  with  a  small  quantity  of  water.  By  (1); 
orange-yellow,  shining  crystals;  by  (2^:  red  crystals.  Sublimes  at  180°. 
Easily  decomposed  by  water.  (Henry.)  f 

C  and  D.  Stannovs  and  Stannic  Iodatbs. — Iodic  acid  and  iodate  of 
potash  give  white  precipitates  both  with  hydrochlorate  of  stannous  oxide 

o2 


84  TIN. 

and  with  hjdrocliloraie  of  stannic  oxide.  (Pleisclil.)  When  hydrochlonite 
of  stannous  oxido  is  dropped  into  iodate  of  soda,  iodate  of  stannous  oxide 
is  precipitated,  white  at  first,  but  tnming  brown  in  a  few  minntes,  and 
then  grey,  from  liberation  .of  iodine  and  formation  of  stannic  hydro- 
chlorate.  If,  on  the  contrary,  the  iodate  of  soda  be  added  to  the  stannous 
hydrochlorate,  the  white  precipitate  which  forms  at  first  is  quickly 
re-dissolved,  and  the  solution  acquires  a  yellow  colour;  with  a  larger 
quantity  of  iodate  of  soda,  a  separation  of  iodine  takes  place.  (RammeLs- 
^rg,  Pogg,  44,  567.) 

Tin  and  Bromine. 

A.  Protobromidb  op  Tin,  or  Stannous  Bromide. — Bromodannous 
Add. — Formed  by  heating  tin  in  hydrobromic  acid  gas  (Balard),  or  with 
protobromide  of  mercury  (Lbwig). — Greyish-white,  with  considerable 
lustre;  when  heated,  it  fuses  to  a  yellowish  oil. — ^When  heated  in  the  air 
or  in  contact  with  nitre,  it  gives  off  bibromide  of  tin  and  leaves  the 
binoxide. 

Aqxieous  Protobromide  of  Tin,  or  Hydrohromate  of  Stannous  Oxide.^^ 
1.  By  dissolving  stannous  bromide  in  water. — 2.  Tin  dissolves  in  aqueous 
hydrobromic  acid  with  evolution  of  hydrogen,  very  slowly  when  the 
liquid  is  cold,  more  quickly  when  it  is  raised  to  the  boiling  point. — The  . 
colourless  solution,  which  reddens  litmus,  becomes  gelatinouA  when 
evaporated,  but  does  not  crystallize;  when  more  strongly  heated,  it 
gives  off  hydrobromic  acid.  (Ldwig.) 

B.  Btbromide  op  Tin,  or  Stannic  Bromide. — Bromostannic  Acid. — 
Tin  takes  fire  in  contact  with  bromine  and  is  converted  into  stannic 
bromide.  (Balard.) — 2.  Protobromide  of  tin  with  bromine  yields  the  same 
compound.  (Lowig.) — White,  crystalline,  easily  fusible  and  volatile; 
gives  off  a  faint  white  cloud  when  exposed  to  the  air.  In  heated  oil  of 
vitriol,  it  fuses,  without  visible  decomposition,  into  oily  drops.  With 
nitric  acid,  after  a  few  seconds,  it  gives  off  bright-coloured  vapours  of 
bromine.     Dissolves  in  water  without  apparent  decomposition.  (Balard.) 

Bromine- water  converts  stannous  oxide,  with  evolution  of  heat,  into 
mono-hydrobromate  of  stannic  oxide;  on  stannic  oxide,  bromine  exerts  no 
action.  (Balard.) 

C.  Bromate  op  Stannous  Oxide,  or  Stannous  Bromate.— -Bromate 
of  potash  gives  a  yellowish-white  precipitate  with  hydrochlorate  of  stan- 
nous oxide.  (Simon,  Repert,  65,  207.) 

D.  Bromate  op  Stannic  Oxide,  or  Stannic  Bromate.— Aqueous 
oromic  acid  dissolves  but  a  small  quantity  of  the  ordinary  hydrate  of 
stannic  acid,  even  after  digestion  for  weeks.  The  hydrate  separated  from 
the  liquid  becomes  translucent  and  glassy  when  dried  over  oil  and  vitriol^ 
and  loses  18  per  cent,  when  heated  to  180°.  (RammeLsberg,  Pogg. 
55,  87.) 

Tin  and  Chlorine. 

pROTOCHLORiDE  OP  TiN,  or  STANNOUS  Chloride. — Cldorostanncnis 
Acid. — BvUerofTin. — 1.  By  gradually  heating  tin  or  amalgam  of  tin  with 
calomel,  or  with  at  most  two  parts  of  corrosive  sublimate^  the  mercnry 
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volatilizlng.^2.  Bj  heating  tin  in  hydrochloric  acid  gas^  hydrogen  being 
set  free. — 3.  By  heating  hydrochlorate  of  stannous  oxide  in  close  vessels 
— whereupon^  when  the  heat  is  gradually  raised  to  redness  and  the 
receiver  changed,  the  chloride  of  tin  passes  over  after  the  water.  Capi- 
taine  {J,  Pharm.  25,  552)  gently  heats  commercial  tin-salt  in  a  capacious 
crucible  (to  prevent  frothing  over)  as  long  as  it  froths  up  and  gives  off 
water  and  sulphuric  acid — ^pours  the  mass,  as  soon  as  it  is  brought  to  a 
state  of  tranquil  fusion,  into  a  small  crucible — then  pounds  it  up  coarsely, 
-and  distils  it  from  a  coated  glass  retort.  The  first  portions  of  stannous 
chloride  which  pass  over  are  perfectly  pure;  the  last  portions  contain 
a  small  quantity  of  iron,  from  which  they  may  be  freed  by  a  second 
distillation. 

Translucent,  almost  pure  white  (frequently  grey),  with  a  fatty  lustre 
and  conchoidal  fracture.  Fuses  at  250°  to  an  oily  liquid  which  pene- 
trates the  crucibles  and  makes  them  crack;  boils  at  a  heat  near  redness, 
but  always  with  some  decree  of  decomposition.  (J.  Davy,  Sckw.  10,  821; 
Capitaine.)  When  cooled  after  fusion,  it  remains  liquid  for  a  long  time^ 
but  afterwards  becomes  syrupy  and  solidifies.  (Marx.) 

J.  Davy. 

Sn  59-0      ....      62-5        62*22 

CI   .^ 35-4       ....      37-5        37-78 

SnCl  941      ....     1000        ZZ      10000 

When  heated  to  bright  redness,  it  gives  off  bichloride  of  tin  and 
afterwards  unaltered  protochloride,  leaving  a  black  shining  mass  which 
dissolves  in  aqueous  hydrochloric  acid  with  evolution  of  hydrogen  gas, 
and  forms  a  solution  of  stannous  hydrochlorate.  (A.  Vogel,  Schw,  21, 66.) 
When  heated  to  the  boiling  point,  it  passes  over  in  company  with  bichlo- 
ride of  tin,  and  leaves  yellow,  earthy  stannous  oxychloride,  SnCl, 
SnO.  (Capitaine.) — ^When  heated  with  sulphur,  it  yields  bichloride  and 
bisulphide  of  tin.  (Proust.) 

2SnCl  +  2S=  SnCP  +  SnS^. 

When  heated  in  the  air,  or  with  nitre,  chlorate  of  potash,  or  mercuric 
oxide,  it  gives  off  bichloride  of  tin  and  leaves  binoxide. — At  ordinary 
temperatures,  it  does  not  suffer  much  alteration  by  exposure  to  the  air; 
in  the  course  of  three  weeks,  however,  it  becomes  somewhat  disintegrated^ 
but  still  dissolves  completely  in  water. 

Uydrated  and  Aqueous  Protochloride  of  Tin,  or  Crystallized  and 
Aqueous  Mono-hydrochlorate  of  Stannous  Oxide. — Tin-salt — 1.  Proto- 
chloride of  tin  dissolves  without  turbidity  in  water  [freed  from  air?]. 
(Capitaine.)  The  solution  is  commonly  turbid,  partly  perhaps  from  the 
presence  of  air  in  the  water,  partly  because  the  chloride  of  tin  may  have 
been  mixed  with  oxychloride. — 2.  Tin  dissolves  very  slowly  in  cold, 
more  quickly  in  warm  hydrochloric  acid,  and  with  evolution  of  hydrogen 
gas.  The  preparation  on  the  laree  scale  is  performed  in  copper  vessels, 
which,  so  long  as  any  portion  of  tin  remains  undissolved,  are  not  attacked 
by  the  acid. — 3.  If  granulated  tin  be  covered  with  hydrochloric  acid, 
then  the  acid  poured  off,  and  the  tin  exposed  to  the  air — afterwards  the 
acid  poured  on  again,  and  so  on  alternately — the  tin  takes  up  oxygen 
from  the  air,  whereby  it  becomes  heated,  and  dissolves  much  more 
quickly  than  by  the  simple  action  of  the  acid.  (Berard.) — H  4.  In  the 
preparation  of  Tin -salt  on  the  large  scale,  Nollner  recommends  that  the 
hydrochloric  acid^  as  it  is  evolved  from  the  retorts^  be  made  to  act 
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directly  upon  granulated  tin  contained  in  stone-ware  receiyers  adapted  to 
the  retorts,  and  that  the  concentrated  eolation  of  tin-salt  thus  formed  be 
afterwards  evaporated  in  tinned  pans  with  the  addition  of  granulated 
tin.  {Arch.  Pharm,  63, 120.) — IT  The  solution,  when  evaporated  and  cooled, 
yields  large,  transparent,  and  colourless  prisms  (and  octohedrons:  Dumas^ 
having  a  disagreeable  metallic  taste.  According  to  Berzelius,  their  com- 
position is  SnCl,HO;  according  to  Henry,  they  contain  2  atoms  of  water, 
8nCl,2HO.  The  crystals  when  heated  evolve  water  and  hydrochloric 
acid  containing  a  small  quantity  of  tin,  and  leave  protochloride  and  prot- 
oxide of  tin.  Cold  oil  of  vitriol  separates  from  them  but  a  small  quan- 
tity of  hydrochloric  acid;  heated  oil  of  vitriol  separates  hydrochloric 
acid — together  with  small  quantities  of  stannous  chloride,  sulpharous 
acid,  and  sulphuretted  hydrogen  [the  two  latter  substances  partly  decom- 
posing each  other  and  yielmng  a  precipitate  of  sulphur] — and  forms 
stannic  sulphate.  (A.  Vogel.) 

The  crystals  generally  give  a  turbid  solution  with  water,  which, 
however,  may  be  rendered  transparent  by  the  addition  of  hydrochloric 
acid  [partly,  perhaps,  because  the  crystals  have  become  oxidated  by 
exposure  to  the  air,  partly  because  the  air  contains  water].  The  turbidity 
of  the  solution  increases  with  excess  of  water,  and  diminishes  wita 
excess  of  the  tin-salt.  (Fischer.) — The  solution  absorbs  oxygen  from 
the  air,  and  if  it  does  not  contain  an  excess  of  hydrochloric  acid,  becomes 
turbid,  from  formation  of  bi-hydrochlorate  of  stannic  oxide  and  precipita- 
tion of  stannous  oxychloride.    Probably  in  this  manner: 

3(SnO,HCl)  +  0  »  SnO»,2HCl  +  SiiCl,SaO  +  H0. 

By  longer  exposure  to  the  air,  the  solution  recovers  its  transparency  and 
acquires  a  yellow  colour — the  change  being  slower  as  the  solution  is  more 
concentrated.  (Fischer,  Kastn,  Ardt,  18,  225;  Capitaine.)  [Does  there 
exist  a  mono-hydrochlorate  of  stannic  oxide,  which  forms  a  yellow  solution 
in  water)] — The  solution  of  stannous  hydrochlorate  mixed  with  sulpharous 
acid,  becomes  yellow  and  turbid,  especially  when  warmed,  and  yields  a 
deep-yellow  precipitate  of  hydrated  bisulphide  of  tin,  the  odour  of  sul- 
phurous acid  being  at  the  same  time  destroyed,  and  hydrochlorate  of 
stannic  oxide  formed.  (Hering,  Ann,  Pharm,  29,  90.)    Probably  thus : 

6SnO  +  2SO»  ==  5SnO»  +  SnS^ 

The  stannic  oxide  formed  remains  dissolved  in  the  excess  of  hydrochloric 
acid.-— According  to  Girardin  {Ann,  Chim,  Phys,  61,  286),  if  the  hydro- 
chloric acid  contains  even  a  small  quantity  of  sulphurous  acid,  the  somtion 
of  the  tin-salt  in  it  is  attended  with  the  formation  of  a  yellow  cloudiness; 
and  if  water  be  afterwards  added,  a  faint  smell  of  sulphuretted  hydrogen 
is  evolved  and  a  yellowish-brown  precipitate  fonned,  which  is  a  mixture 
of  stannic  sulphide  and  stannic  oxide. — Trithionio  acid  added  to  the  heated 
tin-solution  throws  down  sulphide  of  tin.  (Persoz,) — The  solution  reduces 
hypochlorous  acid,  evolving  chlorine  and  being  itself  converted  into  a 
stannic  salt.  (Balard.)  It  likewise  reduces  nitric  acid  to  nitric  oxide, 
and  this  again,  by  longer  contact,  to  nitrous  oxide; — ^tungstic  acid,  even 
when  united  with  an  alkali,  to  blue  oxide  of  tungsten; — ^molybdio  acid 
to  blue  oxide  of  molybdenum; — chromic  acid  to  chromic  oxide; — ^man- 
ganic acid  to  manganous  oxide; — ^hydrated  peroxide  of  manganese,  on 
boiling,  to  manganous  oxide,  with  precipitation  of  sesquioxide  of  tin 
(Fuchs); — arsenic  acid  to  arsenious  acid,  and  this,  by  longer  digestion,  to 
metallic  arsenic  (Woalfe^  CnU,  Chem.  J,  1, 155);— ^kntimonious  acid  to 
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antimonj  (Wonlfe)j— mononitrate  of  bismuth-oxide  to  black  auboidde 
(A.  Vogel)  ;-«-the  red  and  brown  peroxides  of  lead  to  chloride  of  lead 
(A.  Vogel); — ^ferric  salts  to  ferrous  salts  (with  formation  of  hydrochlorate 
of  sesquioxide-of-tin,  (Fuchs,  comp.  p.  80); — cupric  oxide  and  its  salts  to 
diohloride  of  copper; — the  protoxide,  dichloride,  protoohloride,  and 
ojauide  of  mercury  to  metallio  mercury  (A.  Vogel,  Kastn,  Arch.  23,  78); 
^— flilver-salts  to  metallio  silver; — with  goldnsalts,  the  stannous  solution 
forms  a  precipitate  which  is  brown  or  purple  according  to  circumstances. 
—Copper  immersed  in  the  stannous  solution  mixed  with  a  large  quantity 
of  hydrochloric  acid,  throws  down  metallic  tin  in  the  form  of  a  greyish- 
black  powder,  only  however  wiien  the  solution  is  exposed  to  the  air  and 
boiled.  (Reinsch,  J.  pr,  Chem.  24,  248.) 

Protoohloride  of  tin  unites  with  the  chlorides  of  the  alkali-metals, 
forming  salts  which  may  be  called  Chlarottannites, — According  to  Kuhl- 
mann,  it  forms  definite  compounds  with  nitrous,  hyponitric^  and  nitric 
acid.    It  is  easily  soluble  in  absolute  alcohol.  (Gapitaine.) 

B.  Htdrated  Stannous  Oxychloridb,  or  Di-htdrochlorate  of 
Stannous  Oxide. — By  precipitating  hydrochlorate  of  stannous  oxide 
with  an  insufficient  quantity  of  potash. — White  powder.  (Proust.) — At 
a  red  heat,  it  yields  water  containing  hydrochloric  acid  and  nydrodilorate 
of  stannous  oxide,  a  sublimate  of  protoohloride  of  tin  and  a  residue  of 
stannous  oxide. — Froths  up  violently  with  strong  nitric  acid;  gives  off 
hydrochloric  acid  gas  when  treated  with  oil  of  vitriol;  and  dissolves 
without  effervescence  in  hydrochloric  acid,  acetic  acid,  and  dilute  nitric 
or  sulphuric  acid,  forming  stannous  salts.  (J.  Davy,  iSchuf,  10,  825.) 

Or :  J.  Davy. 

SnCl  94-4    ....    5011  2SnO     1340    ....    71-13    „„     704 

8nO   67-0    ....  •  35-56  HCl ....    36*4     ....     1932 

3HO  270     ....     14-33  2H0        180     ....       955 

SnCl,  SnO  +  3  Aq.   188*4     ....  10000  r88-4     ....  10000 

C.  Aqueous  Sesquichloridb  of  Tin,  or  Htdroohloratb  of 
8esquioxide-of-tin. — Hydrated  sesquioxide  of  tin  dissolves  readily  in 
hydrochloric  acid.  (Fuchs.)  It  dissolves  with  difficulty  in  cold  dilute 
hydrochloric  acid,  and  the  concentrated  acid  does  not  become  saturated 
with  it  till  after  long  digestion,  which,  to  prevent  oxidation,  must  be 
performed  in  close  vessels.  The  solution  has  a  purely  astringent  taste, 
yields,  with  hydrosulphurio  acid,  a  lighter  brown  oreoipitate  than  the 
stannous-salt,  and  a  remarkably  fine  purple  with  gold-salts,  (Fuchs.) 

D.  Bichloride  of  Tin,  or  Stannic  Chloride.*— C7A^oro«tonnic  Acid. 
— Fuming  Spirit  ofLibaviiu,  Spiritv*  fumans  Lihavii. 

Formation.  1.  Tin-foil  takes  fire  after  a  while  in  chlorine  gas,  and  burns 
with  emission  of  red  sparks,  forming  bichloride  of  tin. — 2.  Protoohloride 
of  tin  likewise  takes  fire  in  chlorine  gas  at  ordinary  temperatures.— 
3.  Tin  heated  with  protoohloride  of  mercury  volatilizes  in  the  form  of 
bichloride.  4.  Protosulphide  of  tin  heated  with  sulphur  or  with  oxidized 
bodies  is  converted  into  bisulphide. 

Freparation.  1.  When  dry  chlorine  gas  is  slowljr  passed  through 
the  retort  d,  App.  52,  containmg  tin-foil  or  melted  tin,  the  bichloride 
distils  over  into  the  receiver  e,  which  must  be  kept  cool. — 2.  By  distilling 
1  part  of  tin  with  5  parts  of  protoohloride  of  mercury, — 3,  By  distilling 
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coQoentrated  hydrochloraie  of  stannic  oxide  wiih  fnminff  oil  of  vitrioL 
(J.  Davj.)^^.  By  distilling  common  salt  with  stannic  Bulphate : 

2NaCl  +  SnO»,2SOS  =  2(NaO,SO»)  +  SnCP. 

The  stannic  sulphate  prepared  bv  method  2,  page  82,  is  pKOunded  in  & 
mortar  while  still  warm — ^then  sifted — ^intimately  mixed  with  an  e<jnal 
weight  of  common  salt — and  heated  in  an  iron  retort  with  glass  receiver 
(or  in  a  glass  retort — ^in  which,  however,  it  is  difficult  to  effect  complete 
decomposition) — ^the  heat  being  gradually  raised  as  long  as  anything 
passes  over.  The  bichloride  of  tin  whicn  distils  over — ^together  with 
hydrochloric  acid  gas^-contains  chloride  of  iron  and  crystals  of  hydrated 
bichloride  of  tin.  To  free  it  from  iron  and  water,  it  is  rectified  in  a 
glass  retort  with  from  twice  to  four  times  its  weight  of  oil  of  vitriol. 
(Von  Kraskowitz,  Fogg,  35,  518.) 

Properties,  Thin,  colourless  liquid,  which  does  not  freeze  at  — 29% 
boils  at  120°  under  a  pressure  of  0*767  met.,  and  yields  a  vapour  whose 
density  is  9*1997  (Dumas);  gives  off  white  fumes  in  the  air  at  ordinary 
temperatures. 

^  Berzelius.  J.  Dayy. 
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2 
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4-0905 
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8-9991 

Decomposed  by  sulphuretted  hydrogen  with  the  aid   of  heat,   the 

products  being  hydrochloric  acid  gas  and  bisulphide  of  tin.  (H.  Rose^ 

Pogg.  24,  339.) 

SnCl«  +  2HS  =  SnS2  +  2HCl. 

When  heated  with  nitric  acid,  it  gives  off  chlorine  and  nitric  oxide,  and 
deposits  stannic  oxide.  (Gay-Lussac.)  To  mercury  it  slowly  gives  up 
chlorine,  so  that  calomel  and  stannous  chloride  are  produced.  (Dumas.) — 
Alcohol  decomposes  it,  with  formation  of  hydrochloric  ether  and  deposi- 
tion of  stannous  oxychloride.  With  oil  of  turpentine  it  becomes  strongly 
heated,  the  turpentine  sometimes  taking  fire,  and  deposits  stannic  oxide. 
(J.  Davy.)    Not  decomposed  by  defiant  gas.  (Wohler.) 

Hydrated  Bichloride  of  Tin,  or  Crystallized  Hydrochhrate  of  Stannic 
Oxide, — 22  parts  of  bichloride  of  tin  solidify  with  7  parts  of  wat^r, 
forming  a  colourless  mass  of  crystals  fusible  by  heat.  (Adet.) — ^  If  this 
crystalline  mass  be  treated  with  an  additional  quantity  of  water,  and  the 
liquid  gently  evaporated,  deliquescent  crystals  are  obtained,  which  appear 
to  contain  5  atoms  of  water:  SnCl',5H0.  When  dried  over  sulphuric 
acid,  they  give  off  3  At.  water,  and  are  converted  into  SnCP,2H0. 
(Lewy,  Compt  rend,  21,  369.)  IT 

Aqueous  Bichloride  of  Tin,  or  Aqueous  Hydrochloraie  of  Stannic 
Oxide, — a.  Ordinary.  •^Colour-makers*  Composition. — 1.  By  dissolving 
bichloride  of  tin  in  water. — 2.  By  saturating  an  aqueous  solution  of 
Btannous  chloride  with  chlorine  gas. — 3.  By  mixing  the  same  solution 
with  a  quantity  of  hydrochloric  acid  twice  as  great  as  that  which  it 
already  contains,  and  exposing  it  to  the  air  for  some  time,— or  by  heating 
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it  with  nitric  add  not  in  excess. — 4.  By  dissolvinff  tin  in  aqna-regia  not 
containing  too  mnch  nitric  acid.  A  mixture  of  nitric  acid  with  sal- 
ammoniac  or  common  salt,  or  of  hydrochloric  acid  with  nitre  may 
likewise  he  used. — The  solution  obtained  by  the  agency  of  nitric  acid 
always  retains  a  portion  of  that  acid,  and  therefore  deposits  anomalous 
hydrate  of  stannic  oxide  when  boiled  (BoUey,  Ann,  Pharm.  39,  103); 
according  to  H.  Rose,  this  effect  is  not  produced  till  the  solution  has 
attained  a  somewhat  high  degree  of  concentration. — The  compound  may 
likewise  be  obtained  by  dissolving  ordinary  hydrate  of  stannic  oxide  in 
hydrochloric  acid.  The  anomalous  hydrate  of  stannic  oxide,  when  dis- 
tilled with  hydrochloric  acid,  is  partly  converted  into  ordinary  hydro- 
chlorate  of  stannic  oxide,  which  passes  oyer,  while  the  rest  remains 
behind,  as  anomalous  hydrochlorate  of  stannic  oxide,  in  the  form  of  a 
yellow  mass,  which,  when  digested  in  water,  partly  dissolves  and  partly 
swells  up.  (Berzelius.) — Colourless  liquid,  not  decomposible  by  boiling; 
yields  crystals  when  evaporated  and  cooled. 

h.  Anomalous, — The  hydrate  of  stannic  oxide  produced  by  the  action 
of  nitric  acid  does  not  dissolve  in  hydrochloric  acid  even  when  boiling 
and  concentrated,  but  takes  up  a  portion  of  that  acid  and  acquires  a 
yellowish  tint,  and  is  thereby  converted — after  the  excess  of  acid  has 
been  poured  off,  and  the  residue  dried  on  bibulous  paper — ^into  a  soft 
yellow  mass  perfectly  soluble  in  water.  Nevertheless,  the  resulting 
solution,  even  when  largely  diluted,  coagulates  at  a  boiling  heat,  and  if 
concentrated  becomes  as  thick  as  white  of  esg.  It  likewise  yields  a 
precipitate  when  mixed  with  concentrated  hydrochloric  acid, — ^but  the 
precipitate  dissolves  again  in  water,  after  the  acid  is  poured  off.  When 
this  compound  is  distilled,  aqueous  hydrochloric  acid  passes  over  first, 
then  hydrochloric  acid  gas,  with  a  small  quantity  of  stannic  chloride, 
while  anhydrous  stannic  oxide  is  left  behind.  (Berzelius.) — Ammonia  or 
potash  added  to  the  aqueous  solution  yields  a  white  precipitate  slightly 
soluble  in  excess  of  the  alkali.  (H.  Rose.) 

E.  and  F. — Bichloride  of  tin  dissolves  sulphur  and  phosphorus, 
forming  oily  liquids. 

G.  Chlorostannate  op  Phosphurettbd  HYDBoaEN. — Bichloride  of 
tin  absorbs  both  the  more  inflammable  and  the  less  inflammable  phos- 
phu retted  hydrogen  gas  without  decomposition,  thereby  acquiring  a 
yellow  colour,  ana  being  subsequently  converted  into  a  yellow  solid  body 
which  fumes  in  the  air  and  absorbs  moisture  with  avidity.  When  heated 
out  of  contact  of  air,  it  gives  off  hydrochloric  acid  gas  with  a  sublimate 
of  phosphorus,  and  leaves  protochloride  of  tin: 

PH8,3SnCl«  =  3Sna  +  3HCl  +  P. 

Ammoniacal  gas  colours  the  compound  black,  even  in  the  cold,   and 
appears  to  form  ammonio-bichloride  of  tin  together  with  several  other 
products. — Water  added  to  this  compound  gives  off  non-spontaneously 
inflammable  phosphuretted  hydrogen  gas  with  effervescence,  and  forms 
hydrochlorate  of  stannous  and  of  stannic  oxide,  together  with  a  precipitate 
of  terphosphide  of  tin  (p.  88).     Aqueous  solution  of  potash,  carbonate  of 
ammonia,  or  carbonate  of  potash,  and  hydrochloric  acid  likewise  give 
rise  to  the  evolution  of  the  less  inflammable  variety  of  phosphuretted 
hydrogen;  but  aqueous  ammonia  evolves  the  spontaneously  inflammable 
gas.  (H.  Rose,  Fo^g.  24,  1 59.) 
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H.  Rose. 

PH» 34-4      ....        8-12        8-64 

3SnCl'    389-4      ....       91-88        9136 


PH»,3SiiCia    ....    423-8      ....     100-00        100-00 

H.<~Bio1iloride  of  tin  may  be  mixed  with  terchloride  of  phosphorus. 

I.  Chlorositlphidb  op  Tin.— SnS^2SnCl'. — Sulphuretted  hydrogen 

is  rapidly  absorbed  by  biohloride  of  tin^  with  formation  of  hydrochlorio 

aoidgas: 

3SnCl«  +  2HS  =  SnS'.XSnCl*  +  2HCL 

The  liquid  obtained  by  perfect  saturation  with  sulphuretted  hydrogen  is 
transparent;  of  a  yellowish  or  reddish  colour,  and  heavier  than  water. 
When  heated,  it  leaves  bisulphide  of  tin,  while  the  bichloride  volatilizes. 
Water  added  to  the  liquid  dissolves  out  the  latter  compound  and  throws 
down  25*07  per  cent,  of  bisulphide  of  tin.  (Dumas^J.  CMm,  M^d.  8,  478; 
also  Schw.  6Q,  409.) 

K.  Chloride  op  Sulphur  and  Tin. — Produced  by  the  action  of 
chlorine  gas  on  bisulphide  of  tin  at  ordinary  temperatures : 

SnS?  +  6C1  =  SnCl«  +  2SCP. 

A  bulb  is  blown  on  a  class  tube  and  filled  with  mosaic  gold;  a  cylindrical 
enlargement  is  also  blown  on  the  tube,  the  end  drawn  out,  and  passed 
into  a  chloride  of  calcium  tube,  to  keep  out  the  moisture  of  the  air.  As 
soon  as  the  dried  chlorine  gas  passed  into  the  bulb  has  decomposed  the 
mosaic  gold,  the  bulb  is  gently  heated  till  the  compound  sublimes  into 
the  cylindrical  enlargement;  air  is  passed  over  it  to  drive  out  the  excess 
of  chlorine ;  and  the  cylinder  sealed  at  both  ends.  Protosulphide  of  tin 
likewise  yields   this  compound,   mixed   however  with  free  bichloride 

(p.  78). 

Large  yellow  crystals,  which  fuse  when  heated,  and  sublime  without 
decomposition;  they  fume  in  the  air  more  strongly  than  bichloride  of 
tin. — The  crystals  dissolve  gradually  but  completely  in  dilute  nitric  acid, 
with  evolution  of  nitrous  fumes;  the  solution  contains  stannic  oxide, 
together  with  the  whole  of  the  sulphur  in  the  form  of  sulphuric  acid. 
With  fuming  nitric  acid  they  form  a  thick  white  mass,  perfectly  soluble 
in  water.— With  water  they  form  a  solution  which  is  milky  from  sepa- 
rated sulphur,  but  does  not  smell  of  sulphurous  acid.  The  solution  when 
boiled  yields  a  deposit  of  stannic  oxide  soluble  in  hydrochloric  acid;  with 
hydrosulphuric  acid  it  forms  bisulphide  of  tin,  and  the  filtered  liquid 
treated  with  chloride  of  barium  yields  sulphate  of  baryta.  With  nitrate 
of  silver-oxide,  it  yields  a  white  curdy  precipitate,  which  contains  hypo- 
sulphite of  silver-oxide,  together  with  chloride  of  silver,  and  therefore 
turns  black.  Hence  it  appears  that  the  aqueous  solution  contains 
bichloride  of  tin,  sulphuric  acid,  hyposulphurous  acid,  and  hydrochloric 
acid.  [But  whence  the  precipitation  of  stannic  oxide  on  boiling)] — 
Aqueous  ammonia  separates  sulphur  and  part  of  the  stannic  oxide  from 
the  crystals,  but  takes  up  a  large  proportion  of  the  stannic  oxide,  together 
with  hyposulphurous,  sulphuric,  and  hydrochloric  acid. — The  crystals 
absorb  ammoniacal  gas  with  great  evolution  of  heat,  and  are  converted 
into  a  yellowish- brown  mass;  and  when  this  mass  is  digested  in  water, 
the  whole  of  the  stannic  oxide  is  left  undissolved  together  with  sulphur 
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in  the  form  of  white  flakes.  The  filtrate,  which  is  neutral  at  first,  acquires 
after  a  while,  the  property  of  reddening  litmus,  and  contains  hyposulphite, 
sulphate,  and  hydrochlorate  of  ammonia.  (H.  Rose,  Pogg.  42,  517.) 

H.  Rose. 

Sn 69-0      ....       19-44         1982 

28 32-0       ....       10'55         1138 

6C1   212-4      ....       70-01        68-19 


BnCl«,2SCP 303-4      ....     10000        99-39 

Bichloride  of  tin  may  likewise  be  mixed  with  diohloride  of  sulphur^ 
and  forms  crystals  with  ic  in  the  cold.  (H.  Rose,  Pogg.  16,  67.) 

I.  Sulphate  of  Stannic  Chloride. — Bichloride  of  tin  absorbs  the 
vapour  of  anhydrous  sulphuric  acid  in  large  quantity,  and  without  evolu- 
tion of  sulphurous  acid,  and  when  perfectly  saturated  with  it,  solidifies  in 
a  transparent  and  colourless  mass.  It  dissolves  dearly  in  a  small  quantity 
of  water,  with  milky  turbidity  in  a  larger  quantity. 

On  distilling  this  mass,  a  colourless  syrup  (a)  passes  over  and  hardens 
into  a  transparent,  colourless,  brittle  mass;  a  white  mealy  sublimate  h  col- 
lects in  the  neck  of  the  retort;  and  an  anfused  mass  (c)  remains  in  the  retort. 

a.  The  brittle  mass  forms  with  water  a  y^rj  turbid  solution  containing 
stannic  oxide,  hydrochloric  acid,  and  sulphuric  acid,  with  separation  of 
white  flakes  mixed  with  heavy  oily  drops;  these  dissolve  but  slowly 
in  water,  as  sulphate  of  terchloride-of-enlphur;  the  flakes  which  remain 
behind  dissolve  readily  in  hydrochloric,  sulphuric;  or  nitric  acid. 

a  =  6(SnCP,BnO«)  +  5(Sa»,580»). 


Or: 

H.Rose. 

6SnCl' 

..      778-8 

-..     27-43 

12Sn 

.     7080 

....     24-93 

....    2507 

6SnO» 

450-0 

••••      lu'oO 

30S  

.    4800 

....     16-90 

....     17-40 

5SC1»  

..       611-0 

....     21-51 

27C1 

.     955-8 

....    33-66 

....    33-96 

25SO» 

..     10000 

....     35-21 

870  

.    6960 

....     24-51 

•••* 

2839-8    ....  10000  28398    ....  10000 

Sometimes  the  compound  contains  less  (SnCP,  SnO*);  and  in  that  case 
it  dissolves  in  water  with  little  or  no  turbidity. 

6.  The  mealy  sublimate  contains  less  quintosulphate  of  chloride-of- 
sulphur  than  a,  and  therefore  forms  no  oil-drops  or  only  a  few,  when  put 
into  water. 

tf.  The  residue  in  the  retort,  after  being  sufficiently  heated,  con- 
tains nothing  but  stannic  oxide  with  sulphuric  acid.  The  large  quantity 
of  stannic  oxide  arises  from  the  simultaneous  formation  of  terchlori^ 
of  sulphur  from  the  sulphur  of  the  sulphuric  acid.  (H«  Rose,  Pogg. 
44,  320.) 

IT  M.  loDOCHLORiDB  OF  TiN. — SnCl,  SnI.— When  a  concentrated 
solution  of  stannous  chloride  is  boiled  with  iodine,  a  deposit  of  stannous 
iodide  is  formed,  and  the  liquid,  after  filtration  and  cooling,  yields  straw- 
yellow,  silky  crystals  of  the  iodochloride. — These  crystals  are  decom- 
posed by  contact  with  water;  they  are  not  volatile.  They  contain  12-63 
per  cent,  of  chlorine,  45*86  iodine,  and  42*16  tin.  (Henry,  Phil,  Trans. 
1845,363.)  IT 
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Tin  and  Fluorine. 

HtDBATED   PROTOFLUORIOE  OF    TiN,   OF   HtDROFLUATE  OF  STANNOUS 

Oxide. — ^Aqueous  hydrofluoric  acid,  eyen  when  warmed,  has  no  sensible 
action  upon  tin.  The  solution  of  stannous  oxide  in  aqueous  hydrofluoric 
acid,  when  OTaporated  out  of  contact  of  air,  yields  small^  white,  very 
brilliant  crystaLs,  which  hare  a  very  sour  taste,  and  are  easily  soluble 
in  water.  (Gray-Lussao  &  Th6nard.)— -Opaque  prisms  which  taste  first 
0weet  and  then  bitter;  and  when  exposed  to  the  air,  are  readily  converted 
by  oxidation  into  SnF'ySnO'.  (Berxelius^  Fogg.  1,  34.)  According  to 
Unverdorben  {N.  2V.  1,  36),  hydrofluate  of  ammonia  gives^  with  hydro- 
chlorate  of  stannous  oxide^  a  precipitate  consisting  of  glimmering,  metal- 
fihining  lamins^  soluble  in  dilute  potash. 

B.  Aqueous  Bifluoridb  of  Tm,  or  Hydrofluate  of  Stannic 
Oxide. — Aqueous  hydrofluoric  acid  forms  with  stannic  oxide  a  solution, 
which,  when  evaporated,  gives  off  hydrofluoric  acid,  and  is  converted  into 
an  insoluble  (basic  %)  salt  (Gay-Lussac  &  Thenard.)  The  solution  when 
boiled  coagulates  like  white  of  ^^.  (Benelius.) 


Tin  and  Nitrogen. 

A.  Nitrate  of  Stannous  Oxide,  or  Stannous  Nitrate. — 1.  Very 
dilute  nitric  acid,  at  ordinary  temperatures,  dissolves  tin  in  the  form  of 
stannous  oxide,  the  action  bemg  attended^  not  with  evolution  of  nitrous 
gas^  but  with  formation  of  ammonia.  rProust.) — 2.  By  dissolving  hydrated 
stannous  oxide  in  dilute  nitric  acia,  a  salt  is  obtained  not  mixed  with 
nitrate  of  ammonia.  (Benelius.)— 3.  By  precipitating  protochloride  of 
tin  with  nitrate  of  lead,  and  filtering  to  separate  the  chloride  of  lead. 
The  solution  is  less  liable  to  change,  if  mixed  with  excess  of  nitrate  of 
lead.  (Fischer,  Sckw.  56, 360.)— Yellow  solution,  which  if  left  to  itself  for 
some  time,  deposits  a  small  portion  of  stannous  oxide  (celatinous  hydrate 
of  stannous  oxide,  according  to  Benelius),  but  if  heated  with  fresh  nitric 
acid,  deposits  the  whole  of  the  tin  in  the  form  of  stannic  oxide  [anomalous 
hydrate  of  that  oxide].  (Proust.) 

B.  Nitrate  op  Stannic  Oxide,  or  Stannic  Nitrate. — The  ordinary 
hydrate  of  stannic  oxide  dissolves  abundantly  in  nitric  acid,  and  neutra- 
lizes it  completely.  The  solution  has  a  bitter  taste.  If  the  acid  used  is 
rather  strong,  a  portion  of  the  salt  separates  from  it  in  silky  crystals. — 
At  50°,  it  deposits  nearly  all  the  oxide  in  the  hydrated  state,  m  gelatinous 
lumps,  which  dry  up  to  a  transparent  and  colourless  mass;  the  oxide  thus 
obtained  behaves  like  ordinary  hydrate  of  stannic  oxide,  excepting  that 
it  will  not  again  dissolve  freely  in  nitric  acid,  unless  it  be  previously 
treated  with  ammonia.  If  the  solution  contains  nitrate  of  ammonia,  it 
does  not  decompose  at  ordinary  temperatures;  if  it  does  not  contain  that 
substance,  and  especially  if  it  be  much  diluted,  it  deposits  stannic  oxide, 
which,  however,  disappears  again  on  the  addition  of  nitrate  of  ammonia. 
(Berzelius.) 

The  anomalous  hydrate  of  stannic  oxide  is  completely  insoluble 
in  nitric  acid,  even  if  previously  digested  in  ammonia.  (Beneuus.) 


AMMONIO-BICHLOHIDE  OF  TIN.  $3 

C.  NiTBic  Oxide  with  Stannic  Chloride. — Crystalline;  easy  to 
distil;  decomposible  by  water.  (Kuhlmann.) 

Hydrated  stannous  oxide  is  nearly  insolable  in  aqdeous  ammonia. 
(BerzeliuB,  Pogg.  28,  444.) — In  a  large  quantity  of  carbonate  of  ammonia, 
it  dissolves  almost  completely.  (Wittstein,  Repert.  63,  334.) 

D.  Stannate  op  Ammonia. — 1.  The  ordinary  hydrate  of  stannic  acid 
dissolves  in  aqueous  ammonia.  The  saturated  solution  evaporated  over 
oil  of  vitriol  in  a  receiver  containing  air  leaves  a  yellowish  jelly,  contain- 
ing NH*0,2SnO*,  together  with  water.  (Moberg.)— 2.  Aqueous  stannate 
of  potash  precipitates  stannate  of  ammonia  from  a  solution  of  sal- 
ammoniac.  The  gelatinous  precipitate  dissolves  in  pure  water,  but  is 
reprecipitated  by  ammonia.  The  aqueous  solution,  when  spontaneously 
evaporated,  becomes  viscid,  but  does  not  lose  its  transparency.  (Berzelius.) 
— The  anomalous  hydrate  of  stannic  oxide  does  not  dissolve  in  ammonia. 

E.  SuLPHOST annate  OP  Ammonium. — By  dissolving  hydrated  stannic 
oxide  in  aqueous  bihydrosulphate  of  ammonia. — No  stannate  of  ammonia 
is  thereby  produced.  (Berzelius.) 

F.  Ammonio-protiodide  op  Tin. — 100  parts  of  stannous  iodide 
absorb  20*9  parts  of  ammonia,  evolving  heat,  and  forming  a  white 
compound.  (Rammelsberg,  Pogg.  48,  169.) 

Rammelflberg. 

2NH> 34      ....       15-52        1729 

SnI 185       ....       84-48        82-71 


2NH8,SnI 219       ....     100-00        100-00 

G.  Iodobtannite  op  Ammonium. — By  precipitating  tolerably  concen- 
trated hydrochlorate  of  stannous  oxide  with  hydriodate  of  ammonia.-— 
Greenish-yellow  needles,  decomposed  by  water,  with  separation  of  red 
iodide  of  tin.  (P.  Boullay.) 

Dried.  Boullaj. 

NH»,HI  ..: 144      :...      28*01        ........        29-02 

2SiiI 370      ....       71-99        70*98 


NH*I,2SnI 514      ....     100-00        100-00 

H.  Ahmonio-protochloridb  op  Tin.— 2  At.  protochloride  of  tin 
absorb,  when  heated,  1  At.  ammoniacal  gas.  (Persoz.) 

I.  Ammonio-bichloride  of  Tin.— The  fuming  spirit  of  Libavius 
absorbs  ammoniacal  gas  at  ordinary  temperatures,  causing  evolution  of 
heat.  (H.  Davy.)— The  solid  mass,  as  it  forms,  must  be  assiduously 
pulverized,  and  again  exposed  to  the  ammoniacal  gas,  if  we  would 
ensure  its  complete  saturation.  (H.  Rose.)  The  white  mass  may  be 
sublimed  without  decomposition  (even  in  hydrogen  gas :  H,  Pose),  and 
when  heated  in  the  air,  evaporates  in  white  pungent  fumes.  (H. 
Davy.)  When  dissolved  in  water  it  reddens  litmus  strongly.  ^Grou- 
velle.)  After  sublimation,  it  is  crystalline  and  has  a  somewhat  yellowish 
white  tint.  When  heated  with  sodium,  it  emits  a  brilliant  violet  light, 
and  is  resolved  into  granules  of  tin,  chloride  of  sodium,  and  ammoniacal 
gas.  It  dissolves  completely  in  cold  water  (Grouvelle,  H.  Rose), 
only  that  which  has  not  been  sublimed  forming  a  turbid  solution. 
The  solution,  if  evaporated  in  vacuo  over  oil  of  vitriol,  leaves  the  unde- 
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composed  compound  in  the  form  of  a  mass  of  crystals,  nrhioh  sublime 
without  decomposition.  But  if  the  cold  solution  (which  gives  no  tur- 
bidity with  ammonia)  be  heated,  or  left  to  itself  for  a  few  days,  it  deposits 
a  jelly.  Sulphuric  acid  likewise  gives  a  gelatinous  precipitate,  soluble  in 
a  larger  quantity  of  water.  The  same  character  is  exhibited  by  aqueous 
bichloride  of  tin,  to  which  a  small  quantity  of  ammonia  has  been  added. 
The  compound  is  not  altered  by  phosphuretted  hydrogen  gas  in  the  cold ; 
when  heated,  it  gives  off  ammonia  and  turns  red  on  the  surface,  probably 
from  formation  of  a  small  quantity  of  chlorostannate  of  phosphuretted 
hydrogen.  (H.  Rose,  Fogg,  24,  163.) 

H.  Rose.  PttsoK.       Gronrelle. 

wbiimed,    not  subUtmed* 

KH» 170    ....     11-58    ....     10-92    ....     13-27     ....     20-45    ....    20*94 

SnCP    129-8     ....     88-42     ....     89*08     ....     86-73     ....     79-55     ....     790G 

NH»,SnCl»       146-8    ....  10000    ....  100-00    ....  100-00     ....  100-00     ....  10000 

The  unsublimed  compound  ^elds  a  larger  quantity  of  ammonia, 
because  free  ammonia  adheres  to  it.  (H.  Rose.)  According  to  Grouvelle 
and  Persoz  (Ann.  Chim,  Fhys.  44,  322),  the  compound  =2NH',SnCl». 

K.  Chlorostankite  of  AMHoyiUM. — This  is  the  residue  obtained 
when  tin-filings  are  heated  with  sal-ammoniac,  ammonia  and  hydrogen 
gas  being  evolved;  at  a  higher  temperature  it  sublimes.  (Proust,  N,  Gehl. 
1,  249;  Bcrzelius.)  Regular  octohedrons,  which  are  permanent  in  the 
air,  and  redden  litmus;  their  solution  in  water  becomes  turbid  on  boiling. 
(Apjohn.) 

Apjoho. 

NH^a 63-4        ....        34-06        84-1 

SnCl 94-4        ....        60-20        ........        60-3 

HO   90        ....  5-74        5-6 

NH^Cl,SnCl  +  Aq 1568         Z       10000         ZZ       100-0 

IT  Poggiale  {Compt,  rend,  20,  1180>  has  formed  a  compound  con- 
taining 2NH*C1,  SnCl  +  3Aq;  it  crystallizes  in  needles  grouped  in  tufts, 
permanent  in  the  air  and  decomposed  by  water.  IT 

L.  ChIiOROSTANNatb  op  AMHoimrM. — Pink  ScUt,^-! .  Precipitated  in 
the  form  of  a  white  powder,  on  mixing  concentrated  solutions  of  bichloride 
of  tin  and  sal-ammoniac.  When  a  dilute  mixture  of  the  two  solutions 
IS  slowly  evaporated,  the  compound  is  deposited  in  small  regular  octo- 
hedrons and  cubo-octohedrons.  (Bolley,  Ann.  Pharm,  39,  100.)  It  may 
also  be  obtained  by  mixing  a  solution  of  40  parts  of  tin  in  aqua-regia 
with  35  parts  of  sal-ammoniac  at  100°,  evaporating  to  dryness,  dissolving 
the  perfectly  dried  residue,  which  amounts  to  120  parts,  in  water,  and 
leaving  the  solution  to  crystallize.  (Wittstein,  Bepert.  64,  7.) — 2.  Sub- 
limes in  transparent  octohedrons  during  the  preparation  of  mosaic  gold 
with  tin,  sal-ammoniac,  and  sulphur,  and  may  be  purified  by  solution, 
filtration,  and  ciTstallization.  (Gm.)  The  crystals  decrepitate  when 
heated,  then  evolve  bichloride  of  tin,  and  afterwards  sublime  in  white 
laminae.  (Wittstein.)  Dissolves  in  3  parts  of  water  at  14-5°.  The  con- 
centrated solution  does  not  decompose  on  boiling;  the  dilute  solution, 
when  boiled,  deposits  the  whole  of  the  stannic  oxide  in  white  flakes. 
(BoUey.) 
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NH* 

18-0 

•  ••• 

•  ••• 

98-2 

19-33 

70-85 

Bolley 

CI 

35-4 

19'2 

SnCls    

....       129-8 

70-9 

NH^Cl.SnCP  

....       183-2 

•  ••t 

10000 

1000 

M,  Hydrochloratb  akd  Stannite  op  Ammonia. — By  enpersatu- 
rating  aqueous  protochloride  of  tin  "vrith  ammonia  till  the  precipitated 
stannous  oxide  is  redissolved,  and  evaporating  the  solution  in  yacuo^  this 
compound  is  obtained  in  crystals.  (Berzelius.) 

N.  NiTBATB  OF  Stannic  Oxibb  and  Ammonia. — Nitrate  of  ammonia 
increases  the  solubility  of  stannic  oxide  in  nitric  acid;  hence  it  is  easier 
to  dissolve  tin  without  precipitation  in  nitric  acid  containing  nitrate 
of  ammonia.  (Vid.  NUraU  of  Sumnic  Oxide,  p.  92;  also  Ann.  Chim, 
42,  218.) 

Tin  and  PoTAssnrM. 


A.  Alloy  op  Tin  and  PoTASsitrM.-^o.  Seven  volumes  of  tin-filings 
unite  with  2  volumes  of  potassium^  with  faint  incandescence,  and  form  an 
alloy,  which  is  somewhat  less  white  than  tin,  brittle,  of  fine-grained 
fracture,  and  easily  fusible.  Oxidizes  quickly  in  the  air,  efiervesces  with 
water,  and  still  more  with  aqueous  acids. — 6.  With  a  larger  quantity  of 
potassium  an  alloy  is  obtained,  which  often,  especially  during  pulveriza' 
tion,  takes  fire  in  the  air.  (Gay-Lussac  &  Th6nard.)— c.  When  granulated 
tin  is  ignited  with  cream  of  tartar,  or  100  parts  of  stannic  oxide  with 
60  parts  of  tartar  carbonized  by  roasting,  and  8  parts  of  lamp-black 
(with  16  lamp-black  a  pyrophorus  is  formed),  the  tin  takes  up  a  small 
quantity  of  potassium,  so  that  when  thrown  into  water,  it  slowly  evolves 
hydrogen  gas.  (SeruUus,  Ann,  Chim.  Fhy$.  21,  200.) 

B.  Stannitb  of  Potash. — H^diated  stannous  oxide  dissolves  readily 
in  canstio  potash.  The  solution  is  resolved,  especially  when  heated,  into 
crystallized  tin  and  stannate  of  potash.  (Proust.)  Zmc  separates  the  tin 
&om  it  in  soft  lamince.  HQaproth.)  When  solution  of  potash  is  com* 
pletely  saturated  with  nydrate  of  stannous  oxide,  and  then  left  to 
evaporate  in  vacuo,  the  potash,  at  a  certain  degree  of  concentration, 
withdraws  the  water  from  the  hydrated  oxide,  which  thereupon  becomes 
insoluble  and  falls  to  the  bottom.  (Fremy.) 


C.  Stannate  op  Potash.—^.  Ordinary, — «.  M<mo$tannaU» — 1.  By 
fusing  stannic  oxide  or  either  of  its  hydrates  with  hydrate  or  carbonate 
of  potash.  If  the  fusion  with  carbonate  of  potash  be  interrupted  before 
the  carbonic  acid  is  completely  expelled,  the  same  effect  is  produced  as 
witb  titanic  acid  and  carbonate  of  potash.  (III.  484;  H.  Rose.)  The 
fused  mass  generally  contains  an  excess  of  potash. — 2.  By  dissolving 
stannic  oxide,  or  the  ordinary  or  anomalous  hydrate  in  hot,  strong  potash- 
ley.  The  solution  saturated  with  hydrated  stannic  oxide  and  then 
evaporated  in  vacuo  over  oil  of  yitriol  to  a  considerable  degree  of  con- 
centration, yields  colourless,  shining,  oblique  rhombic  prisms,  whose  very 
acute  lateral  edges  are  often  truncated;  they  have  a  caustic  alkaline 
taste,  do  not  deliquesce  in  the  air,  but  absorb  carbonic  acid  from  it. 
Easily  soluble  in  water  whether  hot  or  cold.  (Moberg,  Berz.  Jahresher. 
22,  142;  Ber.  iiber  d.   Venamml.  d.  Naturf.  in  Frag.  1837.)     The 
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crystals  tiim  red  when  heated^  but  do  not  melt.  (Pronst.)  Lead  immersed 
in  the  aqueous  solution  precipitates  the  whole  of  the  tin.  (Fischer^  ^ogg, 
9,  263.)  Copper  in  contact  with  tin  is  quickly  tinned  by  the  solution. 
{BbttgeT,  Ann,  Fhann.  39,  171.)  Alcohol  added  to  the  solution  preci- 
pitates the  salt  /3. — if  Ordinary  stannate  of  potash  does  not  lose  its 
solubility  in  water  by  ignition;  acids  added  to  the  solution  of  the  ignited 
salt^  throw  down  stannic  acid^  perfectly  soluble  in  nitric  acid.  (Fremy.)  T 

Anhydrous.  Crystallized,  Moberg. 

KO 47-2    ....    38-62  KO 472    ....    31-64     31-88 

SnOS    ,       750    ....     61-38  SnO»  ....       75-0     ....     5027     49-00 

3HO  ....      270    ....     1809    1806 

KO,  SnO»       122-2     ....  100-00  +3Aq.       1492     ^..  10000     9894 

p.  Acid  Salt — ^1.  By  precipitating  the  aqueous  solution  of  a  with 
alcohol. — 2.  When  stannic  salt  is  precipitated  by  carbonate  of  potash^ 
hydrated  stannic  oxide  containing  potash  is  precipitated;  and  this,  after 
the  saline  solution  has  been  removed  by  decantation,  dissolyes  in  pure 
water,  forming  a  milky  liquid,  which  gives  a  precipitate  with  carbonate 
of  potash.  (Berzelius.) 

b.  Anomalous, — Fremy' s  Metastannate  of  Potash, — ^Whon  the  ano* 
malous  hydrate  of  stannic  oxide  is  boiled  with  a  very  dilute  solution  of 
potash,  a  solution  is  formed,  containing  16  parts  of  stannic  oxide  to 
1  part  of  potash.  The  liquid,  which  appears  bluish-white  and  opalescent 
by  reflected,  and  deep  yellow  by  transmitted  light,  becomes  gelatinous  on 
evaporation,  and  afterwards  dries  up  to  a  deep  yellow  substance,  which 
re-dissolves  when  treated  with  water.  This  substance  is  resolved  by 
ignition  into  insoluble  stannic  oxide  and  a  compound  of  potash  with  a 
small  quantity  of  stannic  oxide,  which  may  be  extracted  by  water. 
(Berzelius.)  The  anomalous  hydrate  dissolves  imperfectly  in  aqueous 
potash,  and,  when  the  solution  is  left  to  itself  for  some  time,  partly 
separates  out  again.  It  does  not  dissolve  in  aqueous  carbonate  of  potash. 
(H.  Rose,  Anal,  Chem.)  IT  Fremy  prepares  metastannate  of  potash  by 
dissolving  metastannic  acid  (p.  73)  in  dilute  potash-ley  and  adding  solid 
caustic  potash,  whereupon  the  compound  separates  in  the  form  of  a  white 
granular  precipitate.  This  precipitate,  when  dried  upon  a  porous  porce- 
lain] plate,  becomes  resinous  and  translucent;  it  dissolves  completely  in 
water,  forming  an  alkaline  liauid  which  cannot  be  made  to  crystallize 
by  evaporation,  but  on  the  addition  of  an  acid,  yields  a  precipitate  of 
metastannic  acid  insoluble  in  nitric  acid.  Metastannate  of  potash,  when 
heated  with  excess  of  caustic  potash  or  left  in  contact  with  it  for  several 
days,  is  converted  into  stannate  of  potash.  By  ignition  it  is  dehydrated 
and  decomposed.  From  the  ignited  salt,  water  extracts  potash  and  only 
a  small  quantity  of  metastannic  acid;  100  parts  of  the  salt,  after 
ignition  and  treatment  with  water,  yield  79  parts  of  metastannic  acid. 
Fremy  assigns  to  this  salt  the  formula  KO,Sn»O^H  4H0.  (N.  Ann,  Chinu 
Fhys,  23,  393.)  IT 

D.  SuLPHOSTANNATE  OP  PoTAssiUM.— KS,SnS'. — By  dissolving  anhy- 
drous or  hydrated  bisulphide  of  tin  in  hydrosulphate  of  potash.  If  the 
bihydrosulphate  be  used,  the  second  atom  of  hydrosulphuric  acid  is  given 
off  with  effervescence;  if  the  sulphide  of  tin  is  anhydrous,  a  boiling 
heat  is  required  to  insure  saturation.  Caustic  potash  with  bisulphide  of 
tin  yields  the  same  solution,  likewise,  however,  containing  stannate  of 
potash. 
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3SnS>  +  3KO  »  2(KS,SnSS)  +  KO,SnO*. 

Pale  yellow  liquid.  When  digested  with  excess  of  hjdrated  bisulphide 
of  tin,  it  converts  the  latter  into  sesauisulphide,  tin  being  deposited  and 
sulphur  dissolved,  and  a  solution  ot  polysulphide  of  potassium  formed. 
Acids  added  to  the  solution  of  sulphostannate  of  potassium  evolve  hydro- 
snlphnrio  acid  and  precipitate  bisulphide  of  tin: 

KS,  SnS> + HO  +  S0>  =  KO,  SO*  +  SuS* + HS. 

For  every  2*12  parts  of  bisulphide  of  tin  (in  the  anhydrous  state)  which 
hydrochloric  acid  throws  down  from  the  liquid,  there  are  formed  1  *63 
parts  of  chloride  of  potassium.  Alcohol  aaded  to  the  yellow  solution 
throws  down  a  more  concentrated  solution  of  the  same  compound,  in  the 
form  of  a  light  yellow  thickish  liquid.  (Berzelius.) 

E.  loDOSTAMNirE  OF  PoTASSiUM.  —  Concentrated  solutions  of  proto- 
chloride  of  tin  and  iodide  of  potassium  solidify  when  mixed,  in  conse- 
quence of  the  formation  of  yellowish  silky  needles;  the  same  may  be 
obtained,  but  in  a  finer  state  of  crystallization,  from  a  solution  in  hot 
alcohol.  When  chlorine  gas  is  passed  over  the  anhydrous  salt,  the  tin 
bnms  with  emission  of  light  and  forms  bichloride  of  tin,  leaving  a 
residue  of  chloride  of  potassium.  A  small  quantity  of  water  withdraws 
iodide  of  potassium  from  the  salt;  the  remaining  iodide  dissolves  on  the 
addition  of  more  water.  The  compound  dissolves  in  hot  alcohol,  leaving 
bat  a  small  quantity  of  iodide  of  tin  behind,  and  the  solution  yieldd 


out  a  small  qnantity  oi  loaide 
crystals  on  cooling.  (P.  Boullay. 


K 392 

28n 1180 

31    378-0 


) 


Or: 

BoullA]r. 

7-33 

Kl 

165-2    ....    30-87     ... 

33-76 

2205 

2SiiI .... 

370-0    ....    6913    ... 

66-24 

70-62 

KI,2SiiI 535-2     ....  100-00  535-2     ....  10000     100*00 

F.  Chlobostannitb  of  Potassium.^ 2KCl,SnCl+dH0.  Needlea. 
(Poggiale.) 

6.  CHLORoeTANNATB  OF  PoTASsiuic. — Bv  ovaponting  aqneons  bichlo- 
ride  of  tin  with  chloride  of  potassium.  Jacquelain  (Ann,  Chim.  Phys, 
66,  ISO)  dissolves  equal  numbers  of  atoms  of  chloride  of  potassium  and 
bichloride  of  tin  in  water.  Wittstein  (Repert.  64,  7)  adds  5  parts  of 
chloride  of  potassium  to  a  solution  of  4  parts  of  tin  in  aqua-regia,  or  fuses 
1  At.  anomalous  hydrate  of  stannic  oxide  in  a  silver  crucible  with  1  At. 
hydrate  of  potash,  and  dissolves  in  hydrochloric  acid.  Bolley  {Ann, 
Pharm.  89,  100)  mixes  dilute  hydrochlorate  of  stannic  oxide  with  excess 
of  chloride  of  potassium.— -Regular  octohedrons  (Bolley,  Wittstein); 
rhombohedrona  (Jacquelain).  The  crystals,  which  are  permanent  in  the 
air,  decrepitate  when  heated,  give  off  bichloride  of  tin,  and  leave  chloride 
of  potassium  mixed  with  a  small  quantity  of  stannic  oxide  (Bolley),  or 
chloride  (Wittstein). 


K 39-2 

Sn   59-0 

SCI 106-2 

....     19-18 
....     28-86 
....     51-96 

Jacquelun. 
....     19-42 
....     28-67 
....     51-85 

Or: 

KCl...    74-6    .... 
SnCl*   129-8     .... 

Bolley. 

36-5     ....     36-3 
63-5     ....     63-7 

KCl,SnCl>     204-4 
vol:..  T. 

....  10000 

....    99-94 

204-4     .... 

1000     ....  100-0 
R 

M  TiK, 

H.  Htdrochlqeatb  aud  Stannitbof  PoTiBH.— The  liquid  obtained 
by  supersaturating  bjdrochlorate  of  stannous  oxide  with  potash  till  the 
precipitate  is  re-dissolved,  yields  crystals  when  eyaporated  in  Tacao. 
(Berzelios.) 

TlK  AlO^'SODIUH* 

A.  Allot  of  Tin  and  Sodium. — Four  volumes  of  tin-filines  nnite 
with  1  volume  of  sodium  at  the  melting  point  of  tin — the  combination 
being  attended  with  evolution  of  light  and  heat — and  form  a  white, 
very  brittle,  fine-grained  alloy,  which  oxidizes  in  the  air,  and  eflfervesces 
with  water  and  with  aqueous  acids.  (Gay-Lussac  &  Th^nard.)  The  alloy 
may  likewise  be  formed  by  igniting  tin  with  charred  soap.  (Semllus.) 

B.  Stannite  of  Soda.— Hydrated  stannous  oxide  dissolves  in  aqueous 
solution  of  soda. 


C.  Stannatb  of  Soda.— a.  Ordinary, — Solution  of  soda  saturated 
with  ordinary  hydrate  of  stannic  oxide  yields — ^thouirh  not  without  diffi- 
culty— six-sided  tabular  crystals,  which  are  lighter  than  the  potash -salt 
and  soluble  in  water.  (Moberg.) 


NaO  31-2  NaO 81-2    ....    23-42    ....    23-5 

SnO« 75-0  SnO*   76-0    ....    66-31     ....    660 

3HO    27  0    ....     20-27    ....     202 

KaO^SaO* 106-2  +3Aq 1332    ....  100-00    ....    99-7 

If  hydrochlorate  of  staDiioas  oxide  be  precipitated  at  a  temperature 
above  40"^  with  excess  of  carbonate  of  soda,  the  filtrate,  on  cooling, 
deposits  a  compound,  which  effervesces  with  acids  after  beins  washed^ 
and  is  therefore  probably  a  carbonate  of  stannous  oxide  and  soda.  (Ley- 
kauf,  •/•  pr,  Ckem.  21,  317.)— Y*  6.  MetattafmaU, — Obtuned  by  the 
action  of  concentrated  soda-ley  on  metastannic  acid.  The  salt  is  very 
difficultl V  soluble  in  water,  white,  granular,  and  crystalline.  It  is  resolved 
at  60^  (or  at  a  boiling  heat,  if  in  solution)  into  metastannic  acid  and 
i^a.    Its  composition  appean  to  be  :  NaO,SnK)^-|-^q*  (Fremy.)  T. 

D.  SuLPHOBTANNATB  OF  SoDiux.— ^Similar  to  the  potaBrian^eom- 
pound*  (Benelins.) 


£.  loDOSTANKm  of  Sodium. — ^When  a  solution  of  iodide  of 

in  oonoentrated  hydrochlorate  of  stannoos  oxide  b  left  to  stand  for  some 
hours,  it  first  deposits  iodide  of  tin,  and  then  pale  ydlow  oystals  of  the 
iodostannite,  deoomposible  by  water.  (P.  Boullay.) 

F.  Chlorostannatb  of  Sodium. — ^By  evaporating  a  mixtiire  of 
bichloride  of  tin  and  common  salt  According  to  Wittstein,  1  part  of 
common  salt  with  1  part  of  tin  dissolved  in  aqua-regia;  or  1  At.  anomalous 
hydrate  of  stannic  oxide  fused  with  1  At.  hydrate  of  soda^  and  dissolved 
in  hydrochloric  acid.  AnhydrooSy  deliqaesoent  cubes,  which,  when  ignited, 
leave  common  salt  with  a  small  quantity  of  chloride  of  tin.  (Wittstein.) 
Rhombic  laminss,  which  are  permanent  in  cold  air,  effloresce  in  warm  air, 
give  off  12  or  13  per  cent  of  water  at  100,  and  the  chloride  of  tin  at 
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a  red  heat?  (BoUey.)  It  remains  to  be  determined  by  analysis,  whether 
the  salts  obtained  by  Wittsjtein  and  by  Bolley  differ  in  anything  besides 
their  quantity  of  water.  Lewy  has  formed  a  compound  containing 
NaCl,SnCP-h5  Aq. 

O.  Hydrochloratb  and  STANNrrE  OF  Soda.— Analogous  to  the 
potash-compound.    Delicate  needles.  (Benelius.) 


Tin  AND  Barium. 

By  heating  tin  to  whiteneis  with  baryta,  strontia  or  lime,  and  cbarooal.  Gay* 
Lnssac  and  Tb^nard  did  not  sacoeed  in  formine  alloys  of  tin  wilh  the  metala  of  these 
alkalis. 

A.  Stannate  op  Baryta. — Precipitated  on  mixing  barjrtarwater  or 
a  baryta-salt  with  aqueous  stannate  of  potash.  The  precipitate  produced 
by  buryta-water  contains  20*9  (1  At.)  baryta  to  79*1  (4  At.)  stannic  acid.. 
(Berzelius.)  Moberg,  by  precipitating  chloride  of  barium  with  stannate 
of  potash,  obtained  a  heavy  white  powder=BaO,SnO*  +  6  Aq. 

B.  SuLPHOSTANMATE  OF  Barium. — Sulphostanuate  of  potassium 
forms  with  baryta-salts,  a  light  yellow  precipitate  soluble  in  water. 
(Berzelius.) 

C.  loDosTAKNiTB  OF  Barium. — By  dissolving^  stannous  iodide  in 
aqueous  iodide  of  barium.     Very  soluble  salt.  (P.  Boullay.) 

IT.  D.  Chloeostaknitb  of  Barium. — ^BaCl,SnCl-h4  Aq.  Prepared 
by  Poggiale. 

E.  ChlorostannaW!  op  Barium.— BaCl,SnCl*+ 5  Aq.  Prepared  by 
Lewy.  IT. 

F.  HTDROCfiLOBAtB  jofD  Staknitb  OF  Baryta. — Analogous  to  the 
potash-compound« 

Tin  and  Strontium. 

A.  Stannatb  of  Strontia.— By  piecipitating  stannate  of  potash 
%ith  strontia-water  or  a  strontia-salt. 

B.  SuLPHOsrrANNATB  OF  STRONTIUM.— As  With  barium. 

C.   loDOSTANNITB  OF  STRONTIUM. — Afl  With  barium. 

T.  D.  Chlorobtannitb  of  Strontium. —SrCl,SnClH- 4  Aq.— Pre* 
pared  by  Poggiale* 

E.  Chlorobtannatb  of  STR0NTiUM.--SrCl,SnCP+5  Aq.— Prepared 
by  Lewy.  IT. 

F.  Hydroohlorate  and  Stannitb  of  StliONTiA.— Analogous  to  the 

pota«h-compouad«    Delicate  needlesi  (Ber^eltiti«) 

n  2 


100  TIH. 


Tnr  AND  Calcium. 

A.  Stahhatb  of  Lime. — Slowly  precipitated  when  a  lime-salt  in 
mixed  with  stannate  of  potaaL     Contoins  Ca0^iiO*+ 4  At^  (Moberg.) 

B.  SuLPHosTAHKATB  OF  Calcium. — Analogous  to  the  barium 
compound. 

TlX  AKD  MaGKBSIUM. 

A.  Stannate  of  Magnesia. — Stannate  of  potash  precipitates  from 
magnesia-salts  a  magma^  which  stops  up  the  filter  and  cannot  be  washed. 
(Mobeig.) 

IT.  B.  Chlorostaitnate  of  Magnesium. — ^MgCl9SnCl*+5  Aq.  Pre- 
pared by  Lewy.  If. 

C.  Htdbochlobatb  and  Stannitb  of  MAGMBsUL-^imilar  to  the 
potashnnlt.    Deliquescent. 


Tin  and  Silicium. 

A.  SiLiciDB  OP  Tin. — Tin  fuses  with  silicium  before  the  blowpipe, 
forming  a  ductile  alloy,  which,  when  dissolved  in  acids,  leayes  a  small 
quantity  of  silica^  (Berzelius,  Pogg.  1,  220.) 

Quadrosilicate  of  soda  precipitates  bichloride  of  tin,  but  not  the  pro- 
tochloride.  (Walcker.) 


B.  SiLico-FLuoRiDB  OF  TiN.— Loug  prisms,  yeiy  easily  soluble  in 
water.  On  evaporating  the  solution  in  the  air,  the  stannous  oxide  is 
converted  into  stannic  oxide,  and  is  precipitated  in  combination  with 
silica.  (Beriselius.)  According  to  Berzelius  {Pogg.  1,  200),  this  salt  con- 
tains protofiuoride  of  tin  ;  according  to  Berzelius*s  Lehrhuch  (4,  532),  on 
the  contrary  (writing  the  formula  in  accordance  with  the  nnmbem 
adopted  in  this  ffandZook),  it  is  SnF*,SiP. 


Tin  AND  Tungsten* 

A.    TUNGSTATB  OF   STANNOUS  OxiDB,    or    STANNOUS    TUNGSTATB.— « 

Monotungstate  of  potash  added  to  hydrochlorate  of  stannous  oxide  throws 
down  a  yellow  powder,  which  gives  off  water  and  turns  brown  when 
heated,  and  bakes  together  at  a  red  heat.  Hydrochloric  acid  extracts 
from  the  powder  the  stannous  oxide,  which  then  converts  the  separated 
tungstic  acid  into  blue  oxide.  The  salt  dissolves  in  oxalic  acid  and  in 
potash,  slowly  in  boiling  phosphoric  acid,  and  not  at  all  in  water.  (Anthon, 
J.pr.  Chem,  9,  341.) 

Tfffuted.                 Antbon.  Unignitei,            Antlion. 

SnO 67    ....    35-83    ....    359        SoO  ....  67     ....    27-8  ....     29 

WO» 120    ....     6417     ....     64-1        WO»....  120    ....    49-8  ....     50 

6HO...  54     ....     22-4  ....     22 


SnO,WO>    ....  187    ....  10000    ....  1000        +6Aq.  211    ....  100*0    ....  100 
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B.  Stannous  SniiPnoTUNGSTATE.  — SnS,WS^ — Volmninoim   brown 
flakes.  (Berzelios.) 

C.  Stannic  Sulphotunostatb. — SnS*,WS'. — Greyish-yellow  flakes, 
(Berselius.) 

Tin  and  Moltbdenuh. 

A.  MoLYBDATE  OF  Stannic  Oxidb,  or  Stannic  Moltbdate. — Orey 

Cowder,  insoluble  in  waier^  but  soluble  in  dilute  hydrochloric  acid  with  a 
lue,  in  concentrated  hydrochloric  acid  with  a  green,  and  in  aqueous 
potash  with  a  brown  colour;  not  altered  by  nitric  acid.  (Berzelius.)  The 
blue  precipitate,  obtained  by  mixing  an  al&aline  molybdate  with  stannous 
hydrochlorate,  or  by  placing  tin  in  contact  with  molybdic  acid,  water, 
and  a  rery  small  quantity  of  hydrochloric  acid — Richter's  Blue  Carmine, 
which  was  regarded  by  Bucholz  as  a  molybdanite  of  stannic  oxide^is, 
according  to  Berzelius,  nothing  more  than  a  mixture  of  stannic  molybdate 
and  blue  oxide  of  molybdenum. 

B.  Stannous  SuLPHOMOLTBDATE.^-Formed  by  precipitating  a  stan- 
nous salt.     Black  precipitate. 

C.  Stannic  Sulphomolybdate. — By  precipitating  a  stannic  salt. 
The  translucent  brown  precipitate  becomes  brownish-grey  on  drying. 

D.  Stannous  Persulphomolybdate.  —  Hydrochlorate  of  stannous 
oxide  is  completely  precipitated  by  an  aqueous  solution  of  the  potassium- 
salt.  The  dark  brown  precipitate,  when  immersed  in  the  liquid  and 
exposed  to  the  air,  is  converted  into  E,  and  dissolves  gradually,  forming 
a  red  solution. 

E.  Stannic  Persulphomolybdate. — ^Red  precipitate,  slightly  soluble 
in  water,  in  which  it  forms  a  red  solution;  hence,  when  it  is  precipitated, 
a  portion  remains  dissolved.  (Berzelius,  Fogg.  7,  287.) 

Alkaline  Vmtadiaiet  gWe  no  precipitates  with  tin-salts.  The  yellow  mixtare  of 
vanadiateof  ammoma  with  hydrochlorate  of  stannous  oiide  loses  its  colour  after  a  while  i 
the  mixture  of  vanadiate  of  ammonia  with  hydrochlorate  of  stannic  oxide  remains 
yeQow.  (Benelios.) 

Tin  and  Chromium. 

A.  Stannate  of  Cfhroniic  Oxide  9~-a,  By  heating  chromate  of  stan- 
nic oxide  to  bright  redness,  a  dark  vioJet  mass  is  obtained,  which 
communicates  to  glazings  a  variety  of  tints,  from  rose-red  to  violet. 
(Leykauf,  J,  pr,  Chem.  19,  127.)  —  b.  Hyper-add  Salt.  —  Mineral  lac, 
Lacque  minirale.  50  parts  of  stannic  oxide  very  strongly  ignited  with 
1  part  of  chromic  oxide,  yield  a  mass  consisting  of  fine  crystals  and 
vitreous  globules,  of  beautiful  and  very  durable  colour. — c.  Hyperacid 
Salt  containing  Stannate  of  Lime.  — Fink-colour.  —  100  parts  of  stannic 
oxide  are  strongly  ignited  for  some  hours  with  34  parts  of  chalk  and 
from  1  to  1^  pt.  chromic  oxide,  or  3  to  4  chromate  of  potash  (perhaps 
also  with  the  addition  of  1  part  silica  and  1  part  alumina).  The  dingy- 
red  mass  is  washed  with  water  containing  hydrochloric  acid,  and  thereby 
acquires  a  beautiful  rose-red  colour.    It  is  soluble  in  rather  strong  hydro- 
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ebloric  aeid,  Trbich  is  not  the  ease  with  mineral  lae;  it  is  Used  to  pro;- 
duce  a  red  colour  on  Fayence,  (Malagnti,  Ann,  Chim.  Phys,  61,  433.)^ 
d.  Uydrated  1 — Monochromate  of  potash  added  to  hydrochlorate  of  stan- 
nous oxide  throws  down  a  green  mixture  of  ohromie  oxide  and  stannic 
oxide.  (Grouvelle.) 

B.  Chbomate  op  Stannous  Oxide. — ^When  hydrochlorate  of  stan- 
nous oxide  is  added  to  chromate  of  potash,  the  latter  being  in  excess  and 
the  liquid  agitated,  chromate  of  stannous  oxide  is  precipitated  in  yellow, 
curdy  flocks.  (Berzelius.)  On  the  contrary,  when  dilute  chromate  of 
potash  is  added  by  small  portions  at  a  time,  and  with  constant  agitation, 
to  hydrochlorate  of  stannous  oxide,  a  greenish-white  precipitate  is  pro- 
duced, probably  consisting  of  stannate  of  chromic  oxide.  If  the  tin-* 
solution  contains  free  acid,  the  whole  remains  dissolred,  forming  a  green 
solution. 

C.  Chromatb  ot  Stannic  OxiDE.-^Bi-hydroohloTate  of  stannic  oxide, 

not  containing  any  further  excess  of  acid,  forms  a  yellow  precipitate 
with  chromate  of  potash.  The  liquid  above  the  precipitate  acquires  an 
orange-yellow  colour,  in  consequence  of  the  liberation  of  chromic  acid. 
—The  precipitate,  after  drying,  is  brownish-yellow  and  translucent, 
and  is  converted  by  ignition  into  violet-coloured  stannate  of  chromio 
oxide. 

Tin  and  Manganese. 

Stannate  op  Manganotts  Oxide. — ^White  powder,  which  gradually 
becomes  dark  brown  by  exposure  to  the  air.  (Benelins.)  According  to 
Moberg,  it  acquires  a  yellow  colour. 

Permanganate  of  potash  gives  no  precipitate  with  hydrochlorate  of 
stannic  oxide.  (Fromherz.) 

Tin  and  Arsenic. 

A.  Arsenide  op  Tin. — 1.  When  pulverized  arsenic  is  stirred  about 
in  melted  tin,  combination  takes  place,  attended  with  evolution  of  light 
and  heat.  (Gehlen,  A.  Vogel.) — 2.  By  heating  tin  with  arsenious  acid. 
(Gehlen.) — White,  sonorous,  and  brittle,  if  the  tin  be  not  in  too  great 
excess;  of  laminar  texture,  and  less  fusible  than  tin.  —  Gives  off  its 
arsenic  when  fused  in  an  open  vessel.  With  hydrochloric  acid  it  evolves 
arseniuretted  hydrogen  gas. — When  it  is  dissolved  in  hydrochloric  acid, 
there  remains  a  black  compound  of  tin  with  excess  of  arsenic,  which 
&;ives  off  its  arsenic  when  ignited,  and  then  dissolves  again  in  acids.  An 
alloy  containing  excess  of  arsenic  is  not  attacked  by  hydrochlorio  acid. 
(Soubeiran.) 

B.  ArsenUe  of  Stannic  Oxide  or  ArseniaU  of  Stannous  Oxid^f--* 
1.  Arsenic  acid  with  acetate  of  stannous  oxide,  or  arseniate  of  potash  with 
hydrochlorate  of  stannous  oxide,  forms  a  white  precipitate,  insoluble  in 
water. — 2.  Tin  dissolves  in  aqueous  arsenic  acid — arseniuretted  hydrogen 
being  evolved — and  forms  a  gelatinous  mass.  (Scheele.) 

0.  Stannous  Sulpharsenite.  — By  precipitating  hydrochlorate  of 
stannous  oxide  with  a  saturated  solution  of  orpiment  in  hydrosnlphato  of 
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0o<ia.    Tlie  dark  brown  precipitate  does  not  fuse  when  beated,  but  gires 
off  part  of  ita  orpiment,  and  leavea  a  grej^  metallic^  poroae  mass. 

^  D.  Stannic  Sulpharsenitb. — The  yellow,  gammj  precipitate  ob^ 
tained  with  hjdrochlorate  of  stannic  oxide,  becomes  orange-yellow  on 
drying,  yields  a  powder  of  a  fine  yellow  coloar,  and  benayes  like  C 
when  heated.  (Berzelins,  Fogg.  7,  147.) 

E.  Stannous  Sulpharseniatb.— -Both  the  bibasio  and  the  teibasio 
snlpharsenite  of  sbdiam  give  dark  chestnat-brown  precipitates  with 
hydrochloiate  of  stannous  oxide* 

F.  Stannic  SuLPHARSBNiATB. — Both  the  bibasio  and  terbasic  sodinmr 
salts  form,  with  hydrochlorate  of  stannic  oxide,  pale  yellow,  gummy  pre- 
cipitates, which  stop  up  the  filter,  and  become  orange-yellow  on  diying. 
(Berzelius,  Pogg.  7,  28.) 

O.  Bichloride  of  tin  combines  with  teiohloride  of  arsenic>  the  com- 
bination being  attended  with  evolution  of  heat  (J.  Davy.) 


Tin  Am  Antimony. 

A.  Antiicokidb  09  Tin.— Formed  by  fnmng  the  two  metals  tooeiher 
r^in  which  case  the  combination  takes  place  without  evolution  of  light 
and  heat— or  by  fusing  sulphide  of  antimony  with  excess  of  tin. 

a.  12  pts.  tin  to  1  antimony.     The  alloy  called  Pewter^  used  for 

making  vessels  to  hold  liquids. 

h.  10  pts.  tin  to  1  antimony.     Perfectly  ductile.  (Chaudet.) 

e.  7  pts.  tin  to  1  antimony.    Produces  a  fine  tone.  (Kastner,  Kattiu 

Arch.  19,  324.) 

d,  8  pts.  tm  to  1  antimony.  Less  ductile  than  tin:  sp.  gr.  7*059. 
(Chaudet.) 

e.  1'5  pts.  tin  to  1  antimony.  Brittle,  less  laminar  than  antimony. 
(Gehlen.) 

/.  1  pt.  tin  to  1  antimony.  Extremely  brittle;  easily  pulverised;  sp. 
gr.  6-808.  (Chaudet.) 

The  ductile  alloys  are  rendered  brittle  by  the  addition  of  a  small 
quantity  of  lead.  If  the  quantity  of  tin  be  not  less  than  9  times  as 
great  as  that  of  the  antimony,  boiling  hydrochloric  acid  extracts  the 
whole  of  it  (with  evolution  of  antimoniuretted  hydrogen  1),  and  leaves  the 
antimony  in  the  form  of  a  black  powder.  (Chaudet|  Ann.  Cftim.  Phyi,  8, 
876;  also^.  Tr.  2,  1,167.) 

B.  Antimoniatb  op  Stannic  Oxibb.'— When  hydrochloric  acid  in 
which  antimonic  acid  and  stannic  oxide  are  dissolved  together,  is  diluted 
with  water,  the  two  metallic  acids  are  precipitated  in  combination,  and 
the  liquid  loses  nearly  all  the  metal  that  it  contained.  (Thenard.) — If 
tin  on  the  one  hand,  and  antimony  on  the  other,  be  heated  with  excess 
of  nitric  acid,  till  red  fumes  are  no  longer  given  off,  and  the  two  liquids 
be  then  mixed,  the  two  white  powders  therein  contained  are  converted 
into  a  yellow  powder,  with  fresh  evolution  of  nitrous  vapours, — because 
the  antimoniate  of  antimonic  oxide  [nitrate  of  antimonic  oxide]  formed 
from  the  antimony^  becomes  ozidizea  and  converted  into  antimonic  acid. 
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which  then  anttes  with  the  gtannons  oxide   [sUnnio  oxide*].  (Letol, 
N.  Ann.  Chim.  Phy$.  1,  504;  also  J.  pr.  Chem.  24^  253.) 

C.  Stannous  Sulphantimoniate. — Schlippe's  salt  gires    a  dark 
browo  precipitate  with  hjdrocblorate  of  stannic  oxide.  (Rammelsberg.) 


Tin  and  Tellurium. 

A.  Telluride  ov  Tin. — Tellnriam  fuses  with  tin. 

B.  Stannous  Sulphotelluritb. — The  brown  precipitate  tarns  black 
on  drying,  and,  when  heated  in  a  retort,  gives  off  snlphnr,  and  is  con- 
verted into  a  grej  mass  having  the  metallic  Instre. 

C.  Stannic  Sulphotelluritb.— The  precipitate  is  dark  brown* 
(Berzelins.) 

Tin  and  Bismuth, 

A.  Allots  of  Tin  and  Bismuth. — An  alloy  of  177  parts  (3  At.) 
of  tin  and  213  parts  (1  At.)  of  bismuth,  when  cooled  from  a  state  of 
fusion,  exhibits  but  one  solidifying  point — ioasmuch  as  it  first  cools 
regularly  down  to  143°,  and  then  remains  at  that  temperature  for  a  con- 
siderable time,  till  the  latent  heat  set  free  in  the  solidification  of  the 
alloy,  has  had  time  to  escape.  But  all  other  alloys  of  these  metals  like- 
wise exhibit  a  higher  solidifying  point  (which  may  be  distinguished  as 
the  jPotfU  of  Separation),  inasmuch  as  the  excess  of  the  one  or  the  other 
metal  [or  rather — since  the  point  is  variable — another  definite  alloy  con- 
taining an  excess  of  one  of  the  two  metals]  solidifies  first,  and  afterwards, 
at  143'',  the  hitherto  fluid  alloy  containing  Sn'Bi.  The  higher  solidify- 
ing point,  or  point  of  separation,  is  190"^  for  Sn^Bi,  leO""  for  Sn^Bi,  150'' 
for  Sn'Bi,  170*  for  Su*Bi\  and  190°  for  SnBi.  (Rudberg,  Pyg.  18,  240.) 

a.  40  parts  tin  to  1  bismuth;  perfectly  ductile;  the  addition  of  1  part 
of  lead  diminishes  its  extensibility. 

6.  25  parts  of  tin  to  1  bismuth.     Slightly  ductile.  (Chaudet.) 

c.  8  parts  tin  to  1  bismuth.     Fuses  at  199°.  (Lewis.) 

d.  3  parts  tin  to  1  bismuth.  Pulverizable;  of  dull  grey  fracture,  and 
snecifio  gravity  7 '776.  Gives  up  all  its  tin  with  a  small  quantity  of 
bismuth  to  heated  hydrochloric  acid.  (Chaudet.) 

e.  2  parts  tin  to  1  bismuth.     Fuses  at  166®.  (Lewis.) 

/.  236  parts  (4  At)  tin  to  213  parts  (1  At)  bismuth.  Sp.  gr.  8*085. 
(Regnault) 

g.  1  Dart  tin  to  1  bismuth.     Perfectly  brittle;  pulverizable;  of  fine* 

? rained  fracture;   sp.  gr.  8*345.   ^Chaudet)     Fusee  at  138\   (Lewis.) 
Expands  strongly  in  solidifying.  (Marx.)     With  hydrochloric  acid  it 
behaves  like  d.  (Chaudet,  Ann.  Chim.  Fhys.  5, 1 42;  also  N.  Tr.  2,  2,  349.) 
h.  177  pts.  (3  At)  tin  to  213  pts.  (1  At)  bismuth.    Fuses  between 
131^  and  13r.  (Dobereiner,  Kattn.  Arch.  3,  90.) 

•.  118  pts.  (2  At)  tin  to  213  pts.  (1  At)  bismuth.  Sp.  gr.  8759. 
(Regnault) 

B.  Allot  op  Antimont,  Bismuth,  and  Tin. — 236  parts  (4  At) 
tin  to  213  pts.  (I  At)  bismuth,  and  129  pts  (1  At)  antimony.  Sp.  gr. 
7*883  al  20^  (Regnault,  Ann.  C%«m.  Fky$.  76,  136.) 
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Tin  and  Zinc. 

A.  Allots  of  Tin  and  Zinc. — These  two  metals  fase  together  with 
ease;  the  alloy  is  harder  than  either  tin  or  zinc,  and  less  extensible  than 
tin.  Sn^Zn  has  but  one  solidifying  point,  viz.,  at  204^  (Compare  the 
observations  made  with  reference  to  Biwittth  and  Tin.)  The  other  allojs 
exhibit  in  addition  a  higher  solidifying  point,  which  varies  according  to 
the  nature  of  the  alloy.  (Rudberg.) 


Sn><Zn 

Sn«Za 

Sn^Zn 

Sn*Zn 

Sn>Zn 

SnZn 

Variable  point .... 

210* 

•••• 

•  ••• 

230* 

•  •■• 

2.50* 

•  ••• 

280* 

•••• 

320« 

Fixed  point 

204* 

•  «*• 

204* 

•  ••• 

204* 

•  ••« 

204* 

•  ••■ 

204* 

•••« 

204* 

B.  Stannate  of  Zinc-oxidb. — Stannate  of  potash  yields  ,with  rino«* 
salts,  a  white  precipitate  composed  of  ZnO,SnO'+2Aq.  (Moberg.) 

Otheb  Compounds  of  Tin. 

With  Lead,  Iron,  Cobalt,  Nickel,  Copper,  Mercury,  Silver,  Oold, 
Platinum,  Pallatdium,  and  Iridium.  As  tin  makes  these  metals  brittle,  it 
was  called  by  the  alchemists,  Diabolue  Metcdlarum. 
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Bucholz.     Lead-oxide  and  its  salts.     A.  OM.  5,  253, 

Thomson.     Oxides  of  lead.     A.  GM.  4,  92. 

Berzelins.     Gilh.  166  and  186;  46,  131.     Further:  Schw.  7,  71. 

Winkelblech.     Oxides  of  lead.    Ann,  Pharm.  21,  21 ;  also  J,  pr.  Chem» 

10,  227. 
Bromeis.     On  the  salts  produced  by  the  action  of  lead  on  the  nitrate  of 

lead-oxide.    Ann.  Fharm.  72,  38. 


Synonyues: — Blei,  Plomb,  Plurnbum,  ScUumus, 

History. — Known  from  the  earliest  times* 

Sources, — In  the  metallic  state? — as  red  lead;  as  peroxide;  as  car- 
bonate, phosphate,  sulphate,  selenite,  tungi^tate,  molybdate,  vanadiate, 
chromate,  and  arseniate  of  lead-oxide;  as  alnminate  of  lead-oxide;  as 
chloride  of  lead,  sometimes  united  with  oxide  or  carbonate;  as  selenide  of 
lead;  as  sulphide  of  lead,  either  alone  or  associated  with  other  metals,  as 
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in  Feather-ore,  Zinkenite,  Boulangerite,  Plimoniie,  Jamesoniie,  Geocronite, 
Needle-ore,  Kobellite,  Bonimonite,  and  Antimonial  Copper-glance;  as 
telloride  of  lead,  sometimes  associated  with  other  metals,  as  in  Foliated 
Tellufinm  and  White  Tellurium.  Traces  of  lead  have  been  found  in  sea- 
water  (it^.  Ann.  Chim,  Phyt.  28,  129);  in  ooal  (Okem.  Soc.  Qu.  J.  9,  1); 
and  in  the  blood  of  animals  {Jixhredfer,  L.  is  K,  /.,  874). 

Frej^rcAwn  an  ihe  large  9oale. — 1.  Native  carbonate  of  lead,  or  arti- 
ficially prepared  lead-oxide,  e.  g,  litharge,  is  fused  in  a  smelting  or  a 
reyerberatory  furnace,  in  contact  with  charcoal,  and  often  with  the 
addition  of  lime. — 2.  Galena  is  freed  from  part  of  its  sulphur  bj 
roasting,  either  in  heaps,  or  on  hearths,  or  in  calcining  furnaces,  and  the 
roasted  ore,  consistine  of  lead,  lead-oxide,  sulphate  of  lead-oxide,  and 
jindecomposed  sulphide  of  lead,  is  fused  in  contact  with  chaieoal,  and 
generally  with  addition  of  lime,  in  a  smelting  or  a  reyerberatory  furnace 
—whereby  metallic  lead  and  slags  are  produced,  and  mixed  with 
them,  a  quantity  of  undecomposed  galena  {leadstone),  which  is  again 
roasted  and  fused.  Or  the  nnroasted  galena  is  smelted  in  a  furnace  with 
iron^  iron-cinder,  or  an  ore  of  iron,  whereby  metallic  lead,  slags,  and 
l^lumbiferous  sulphide  of  iron  are  obtained;  the  latter  is  roasted  and 
Insed  a  second  time. 

The  lead  thus  obtained  from  the  ore,  called  Fig'lead  (WerJAlei), 
frequently  contains  gold  and  silyer,  to  separate  which  it  is  oxidized  on 
cupels,  on  which  the  gold  and  silyer  are  left.  The  lead  oxide  thus 
obtained,  called  Litharge  (BUigldtte),  is  reduced  as  in  (1) — the  process  is 
caUed  the  Refining  of  Litharge  (das  Oldtte'Friechen)~~^n^  yields  Refined 
Lead. 

Purification,*^!.  Nitrate  of  lead-oxide  purified  by  repeated  crystal- 
lization is  ignited  in  an  earlhen  crucible  to  expel  the  nitric  acid,  and  the 
resulting  oxide  reduced  by  charcoal. — 2.  Oxalate  of  lead-oxide  ignited 
alone  in  a  covered  crucible  yields  lead  free  from  charcoal.  (Winkelblech.) 
8.  Solution  of  sugar-of-lead  is  precipitated  by  sulphuric  acid  (in  which 
process  the  acetic  acid  may  likewise  be  obtained  from  it),  and  the  sulphate 
of  lead-oxide,  after  thorough  washiufi;,  is  strongly  ignited  in  a  covered 
crucible  with  2  At.  charcoal  (Berthier);  152  parts  of  lead-sulphate 
intimately  mixed  with  12  parts  of  charcoal  powder.  The  same  result 
may  likewise  be  obtained  by  igniting  at  a  lower  temperature  8  parts  of 
lead-sulphate  with  4  parts  of  potash  and  1  part  of  charcoal, — or,  according 
io  A.  Werner  {J.  pr,  Chem.  13,  191),  16  parts  of  lead-sulphate  with  9 
parts  of  Chili-saltpetre,  4  of  resin,  and  4  of  charcoal  powder,  till  the 
mass,  after  deflagration,  yields  no  more  bubbles. 

Properties. — Crystallizes  in  regular  octohedrons.  Mongez  obtained 
lead,  by  slow  cooling,  in  four-sided  pyramids;  Braunsdorf  («/.  pr.  Chem. 
1,  120)  obtained  well-defined  octohedrons;  and  Marx  {Schw.  57,  193),  by 
fdlowing  a  considerable  quantity  of  melted  lead  to  cool  till  half  of  it 
solidified,  then  making  a  hole  in  the  crust  and  pouring  out  the  still  fluid 
portion,  obtained  it  in  fern -like  forms  similar  to  those  in  which  sal- 
ammoniac  crystallizes.  Specific  gravity  11*3305  (Kupffer);  11*352 
^Brisson,  Herepath);  11*358  (Morveau);  11*3888  (according  to  Karsten, 
when  purified  by  method  1);  11*445,  when  in  the  utmost  attainable  state 
of  purity  (Berzelius).  According  to  Morvean,  the  density  of  lead  is 
rather  diminished  than  increased  by  hammering,  in  consequence  of  the 
formation  of  oraoks;  if,  however,  the  metal  is  prevented  from  expanding 
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#11:  either  t&iei  ite  denoiij  inereaaes  from  11*858  iof  11*388.  Lead  ie  eol^ 
yoTj  tongb,  and  makea  a  mark  on  paper;  it  roaj  easily  be  out  with  a 
knife  or  rolled  into  plates,  bat  not  drawn  into  thin  wires.  Bv  repeated 
fusion  in  ai)  open  yessel^  it  is  rendered  harder  and  more  brittle,  because 
it  becomes  mixed  with  oxide.  (Cariolis,  Ann.  Chim.  Phy».  44,  103.)  It 
has  a  bluish-grey  colonr  and  strong  lustre.  Fuses  at  WT  (Biot),  at  282'' 
(Newton),  at  312^  (Morveau),  at  322°  (Dalton,  Crichton),  at  325° 
(Rudberg),  at  334°  (Kupffer).  Begins  to  yolatilize  at  a  yery  strong  red 
heat,  and  boils  at  a  white  heat. 

Atomic  weight  qfLead^  103*56.  (Berzelius,  Fogg.  19^  300,) 

Compounds  of  Lead  * 

iiBAD  AND  OXTOBN. 

A.  Suboxide  of  Lead  ?  PbH). 

Remains  when  oxalate  of  lead-oxide  is  cautiously  heated  in  a  retort 
from  which  the  air  is  excluded.  (Dulong.  Sdiw*  17,  229;  Boussingaulty 
Ann.  Chim.  Phys.  79,  108;  also  J.  pr.  Chem,  2,  162;  Pelouse,  Ann^ 
Chim.  Phys.  79,  108;  also  J.  pr.  Chem.  25,  486.)  The  retort  must 
be  heated  in  the  oil-bath  to  a  temperature  not  exceeding  300°,  the  heat 
being  continued  as  lonff  ae  any  gas  is  giyen  off:  the  gas  thus  eyolved  is  a 
mixture  of  1  yol.  carbonic  oxide  with  3  yol.  carbonic  acid,  exceptinff 
towards  the  end  of  the  operation,  when,  if  the  heat  be  somewhat  increased 
in  order  to  finish  the  decomposition,  tbe  gas  eyolyed  becomes  somewhat 
richer  in  carbonic  acid.  (Pelonze.)  The  whole  is  suffered  to  cool  before 
the  suboxide  is  remoyed.  It  forms  a  black  powder,  sometimes  dull, 
eometimes  haying  a  yelyety  lustre.  (Pelouze.)  It  contains  no  metallic 
lead,  for  mercury  extracts  nothing  from  it,  either  dry  or  under  water, 

iBoussingault,  Pelouze.)  Neither  does  it  contain  any  yellow  oxide  of 
ead;  for  the  aqueous  solution  of  common  sugar-of-lead  does  not  extract 
any  lead-oxide  from  it  on  boiling*  (Pelouze.)  But  the  suboxide,  when 
heated  to  dull  redness,  out  of  contact  of  air,  is  resolyed  into  a  greenish^ 
yellow  mixture  of  lead  and  the  yellow  oxide.  (Boussingault,  Pelouze.) 
After  this  treatment,  mercury  extracts  lead  from  the  substance,  and  a 
boiling  solution  of  sugar-of-lead  or  acetic  acid  leayes  the  lead  in  the  form 
of  a  net-work,  which,  when  pressed  together  between  the  fingers,  forms  a 
dense  mass  haying  the  metallic  lustre.  (Pelouze.)  When  heated  in  the  air 
it  takes  fire  and  burns  with  a  glimmering  light,  producing  103*6  parts  of 
yellow  oxide,  according  to  Boussingault;  and  from  103*6  to  1037 
according  to  Pelouze.  Dilute  sulphuric,  nitric,  hydrochloric,  or  acetic 
acid,  resolyes  the  suboxide  into  yellow  oxide  which  combines  with  the 
acid,  and  yery  finely  diyided  metallic  lead.  ( Boussingault,  Pelouze.)  The 
same  effect  is  produced  by  a  solution  of  mononitrate  of  lead-oxide ;  a  hot 
solution,  on  the  contrary,  takes  up  the  whole  of  the  suboxide  and  forms 
basic  nitrate  of  lead-oxide.  (Pelouze.)  The  suboxide,  when  moistened 
with  water,  rapidly  absorbs  oxygen  from  the  air,  and  is  conyerted  into 
the  white  hydrated  oxide,  the  action  being  attended  with  rise  of  tempe- 
rature. (Boussingault,  Pelouze.)  A  mixture  of  finely  divided  lead  and 
litharge  does  not  yield  the  same  result.  (Pelouze.)  Winkelblech,  by 
heating  oxalate  of  lead-oxide,  obtained  a  greyish-black  powder  which 
contained  at  most  1  per  cent,  of  oxygen,  and  from  which  mercury  dis> 
solyed  lead;  it  was  therefore  a  mixture  of  letwi  with  a  efmall  quantity  gf 
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the  yellow  oxide.  Thia  anomaloas  result  is  attributed  by  Pelonie  to  the 
too  great  heat  which  Winkelblech  applied  to  the  oxalate.  The  grey  film 
which  forms  on  the  surface  of  lead  heated  to  a  temperature  short  of  tho 
melting  poioti  is  likewise  regarded  by  Berzelius  as  a  suboxide. 

Calculation,  aocording  to  Boussingault  and  Pelovze. 

8Pb   208        96-29 

Q  8        3-71 


Pb«0 216        XOO'OO 


B.  Lead-Oxide.    PbO. 

Protoxide  of  Lead,  TeUow  Oxide  of  Lead,  Mamcot,  Oxide  PlomhiquSf 
Bleioxyd, 

Formation.  1 .  Lead  heated  in  the  air  till  it  volatilizes  bums  with  a 
white  light,  and  is  converted  into  this  oxide:  Flowers  of  Lead,  Bleihlumen, 
Flores  Plumhi, — Lead  reduced  in  thin  metallic  lamins  by  the  action  of 
hydrogen  gas  at  a  gentle  heat  on  finely  crystalline  lead -oxide,  remains 
unaltered  in  the  air  at  ordinary  temperatures,  but  takes  fire  when  heated, 
and  bums  with  a  feeble  glow  till  it  is  converted  into  the  protoxide. 
(Winkelblech.) — Lead,  when  heated  in  the  air,  becomes  covered  with  a 
ffrey  film,  and,  if  the  surface  be  continually  renewed,  is  wholly  converted 
into  Lead-<ish  (Bleuuche),  a  yellowish-grey,  pulvemlent  mixtnre  of 
metallic  lead  and  yellow  oxide,  which,  if  heated  in  the  air  for  a  longer 
time,  is  wholly  converted  into  the  latter. — 2.  In  dry  air  at  ordinary 
temperatures  lead  retains  its  lustre;  in  damn  air,  it  becomes  dull,  assum- 
ing first  a  yellowish-brown,  then  a  blue,  and  lastly  a  grey  tint.  (Bonsdorff, 
Pogg,  41,  305.)  Under  water  in  an  open  vessel,  lead  is  converted  into 
the  hydrated  oxide  which  partly  dissolves  in  the  water,  and  by  absorbing 
carbonic  acid  from  the  air,  is  transformed  into  the  hydrated  carbonate. 
Cuttings  of  lead  placed  in  a  closed  vessel  with  water  and  air  freed  from 
carbonic  acid,  and  left  at  rest,  form  white  flakes  of  hydrated  lead-oxide, 
and  the  water  becomes  saturated  with  that  oxide.  If  the  vessel  be  shaken 
for  half  an  hour,  no  hydrate  is  formed,  but  the  lead-cuttings  become 
covered  with  suboxide,  and  in  that  case,  aerated  water  exerts  no  further 
action  upon  them,  even  if  carbonic  acid  be  likewise  present.  (Bonsdorfi*.) 
When  lead  in  contact  with  water  is  exposed  to  the  open  air,  white  clouds 
of  hydrated  oxide  consisting  of  soft  silky  scales  are  soon  formed.  ( Wetzlar, 
Schw,  54,  324.)  Platinum  wire  wound  round  the  lead-plate  accelerates 
the  oxidation.  (Fischer,  Kastn,  Arch,  17,  382.)  These  white  scales  con- 
sist of  hydrated  carbonate  of  lead-oxide;  if  the  access  of  air  is  but  partial, 
and  consequently  the  process  goes  on  slowly,  the  compound  is  obtained 
in  silky  lamina}.  The  finest  crystals  are  obtained  by  cutting  some  bright 
places  on  a  piece  of  lead  tarnished  by  exposure  to  the  air,  and  then 
immersing  it  in  water;  a  silky  vegetation  then  forms  on  the  bright  parts 
of  the  lead,  and  on  removing  this  formation,  the  surface  is  found  to  be 
marked  with  crystalline  devices  (moire).  Bonsdorff, — In  water  containing 
a  trace  of  sulphate  of  potash,  nitre,  or  common  salt,  lead  merely  becomes 
marked  with  a  few  isolated  spots ;  and  if  the  water  contains  a  larger 
proportion  of  salt,  only  a  slight  tarnishing  is  produced.  (Wetzlar.)  In 
saline  solutions,  oxidation  goes  on  more  slowly  than  in  pure  water,  and 
the  resulting  product  is  not  a  loose  powder,  but  a  salt  of  lead  closely 
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adhering  to  the  surfieu^e  of  the  metal.  (Fischer.)  Nitrates  prevent  the 
white  turbidity  only  when  they  are  in  large  quantity ;  of  other  salts, 
small  quantities  are  sufficient :  the  purer,  therefore,  the  water,  the  more 
does  it  become  turbid  by  exposure  to  the  air  in  contact  with  lead- 
cuttings.  (Bonsdorff.) — 3.  Lead  decomposes  vapour  of  water  at  a  white 
heat  and  is  converted  into  the  protoxide.  (Regnault,  Ann.  Chim.  Phys. 
62,  363.)  It  does  not  decompose  water  at  a  red  heat  (Bonsdorff^; 
neither  does  it  decompose  water  acidulated  with  sulphuric  acid  at  a  boil- 
ing heat;  but  with  boiling  hydrochloric  acid  it  evolves  hydrogen  gas.— * 
4.  With  nitric  acid  and  heated  oil  of  vitriol  it  yields  a  lead-salt. 

Preparation  on  the  large  BcaU, — 1.  Mcusicot  is- obtained  by  heating 
lead  to  low  redness  on  a  fiat  hearth,  and  continually  removing  the  film 
of  oxide  as  it  forms,  till  the  lead-ash  at  first  obtained  is,  for  the  most 
part,  converted  into  the  yellow  oxide ;  the  latter  is  then  freed  from  the 
still  remaining  metallic  portions  by  grinding  and  levigation. — 2.  Litharge 
is  obtained  in  the  oxidation  of  pig-lead  containing  gold  and  silver — the 
resulting  lead-oxide,  which  is  generally  contaminated  with  silica,  ferric 
oxide,  cnpric  and  cuprous  oxide,  antimonio  oxide,  and  other  oxides,  is 
fused  by  the  high  temperature,  and  solidifies  in  a  scaly,  shining  mass, 
sometimes  of  a  yellowish  tint  {Argyriti»y  Silher-gldtte)^  sometimes  rather 
inclining  to  red  (ChrysUie,  Goldgldtte).  The  oxides  of  copper  may  be 
completely  removed  by  digesting  the  levigated  litharge  with  aqueous 
solution  of  carbonate  of  ammonia.  (Bischof,  Schw,  64,  65). — The  anti- 
monic  oxide  is  left  behind  on  dissolving  the  litharge  in  boiling  nitric 
acid,  and  may  then  bo  dissolved  in  hydrochloric  acid.  (An thou,  Repert, 
58,  387.) — IT  The  difference  between  red  and  yellow  litharse  is  attri* 
bnted  by  Leblanc  {N.  J,  Phartn.  8th  Sept,  1845)  to  a  mere  diversitjr  of 
physical  structure,  not  of  chemical  composition;  for  either  modification 
may  be  obtained  at  pleasure  by  properly  regulating  the  temperature  and 
the  rate  of  cooling;  the  red  variety,  which  is  specifically  lighter  than  the 
yellow  and  more  crystalline  subetonce,  is  formed  most  abundantly  when 
the  coolbg  is  slow.  V 

Preparation  on  the  emaU  scale.  By  gently  igniting  pure  crystallized 
nitrate,  or  perfectly  pure  carbonate  or  oxalate  of  lead-oxide^  in  a  vessel 
to  which  the  air  has  access. 

Properties.  Lead-oxide  appears  to  be  both  dimorphous  and  amor- 
phous. It  occurs  in  pale  yellow  rhombic  octohedrons  (or  dodecahe- 
drons 1)  and  cubes,  and  a  red  amorphous  powder. — By  the  following  pro- 
oeeses,  lead-oxide  may  be  obtained  in  the  crystalline  state:  1.  By  slow 
cooling  after  fusion.  Litharge  when  quickly  cooled,  solidifies  in  a  mass  of 
crystalline  scales;  but  the  portion  which  remains  on  the  muffle  some* 
times  crystallizes  in  yellow,  translucent,  six-sided  tables  (Marx);  in 
rhombic  octohedrons  with  a  distinct  plane  of  cleavage  (Mitscherlich);  in 
rhombic  dodecahedrons,  the  angles  of  which  are  indefinite,  in  consequence 
of  the  curvature  of  the  faces  (Gaultier  de  Claubry  &  Beudant,  Ann. 
Chim.  Phys.).  White  lead  fused  by  the  blowpipe-flame  on  a  copper  plate 
or  other  non-reducing  support,  crystallizes  in  scales  on  cooling;  but  from 
the  middle  of  it  there  generally  snoots  out  a  mass,  half  a  line  long,  some* 
times  in  the  form  of  a  triangular  pyramid,  sometimes  in  that  of  a  nearly 
perfect  rhomboidal  dodecahedron,  of  a  hyacinth-red  tint  while  hot,  becom- 
ing sulphur-yellow  and  translucent  as  it  cools,  and  opaque  and  dull  when 
perfectly  cold«    This  alternate  fusion  and  crystallization  may  be  repeated 
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aarenl  iimBB,^^*  Bj  foBion  with  hvdnkte  (d  potaefa.    If  1  pari  of  huA^ 
oxide  and  from  4  to  6  of  hydrate  ot  potaah  be  fased  for  a  short  time  in 
a  sdyeit  craoible  at  an  incipient  red  heat,  and  the  mass  after  cooling 
exhausted  with  water,  the  l^bd-oxide  remains  in  the  form  of  cubes  and 
aqoare  tables.  (Beoqneiel^  Ann,  Chim,  Phy9*  51,  105.)— 3.  By  treating 
lead-oxide  with  potash  or  soda-lej.     From  a  solution  of  lead-oxide  in 
aoda-ley,  saturated  while  hot,  placed  in  a  stoppered  bottle,  and  then  left 
to  itself  all  throoffh  the  winter,  the  lead-oxide  crystallizes  in  small,  white, 
translucent  rhombic  dodecahedrons.  (Houton-Labillardiere,  «/*.  Pharm.  3, 
335.)     The  crystals  are  rhombic  octohedrons,  having  the  same  angles  as 
those  obtained  by  fusion.  (Mitscherlich.)    Strong  boiling  potash-ley  satu- 
rated with  lead-oxide,  yields,  on  cooling,  yellow  scales  similar  to  those  of 
litharge;  if  the  potash-solution  is  less  fully  saturated  with  lead-oxide,  or 
if  it  has  deposited  the  excess  of  that  oxide  in  scales,  no  further  deposition 
takes  place  till  after  perfect  cooling,  whereupon  red  scales  are  thrown 
down,  perfectly  soluble  in  acetic  acid,  and  therefore  free  from  minium;  if 
these  scales  are  heated,  they  turn  yellow  on  cooling.     Hence  it  appears 
that  litharge  may  have  a  red  colour  without  containing  minium  or  red 
oxide  of  copper.  (Mitscherlich,  J.  pr.  Chem,  19,  451.) — Boiling  soda-ley 
of  40^ — i]""  B.  saturated  with  hydrate  of  lead-oxide,  yields  rose-r^ 
crystals  of  that  oxide  on  cooling.     These  crystals  yield  an  orange-yellow 
powder,  similar  to  that  of  litharge.     At  about  400*^  they  turn  black, 
increase  in  bulk,  decrepitate  with  loss  of  0*1  per  cent,  of  water — and 
when  heated  to  low  redness,  assume  a  sulphur-yellow  colour  without 
changing  their  form.     While  still  in  the  red  state,  they  dissolve,  though 
very  sparingly,  in  nitric  acid,  either  concentrated  or  dilute.  (Calvert.)^^ 
If  hydrated  lead-oxide  be  boiled  with  a  quantity  of  aqueous  alkali  not 
sufficient  to  dissolve  it,  the  undissolved  portion  oecomes  converted  into 
crystalliue  anhydrous  oxide;  the  resulting  solution  when  evaporated, 
yields  more  crystals  of  the  anhydrous  oxide,  distinguished  from  the  for* 
mer  portion  by  their  easy  solubility  in  alkalis  even  when  dilute.  (Fremy, 
y.  J.  Pharm,  3,  30.) — 4.  By  precipitating  a  lead-salt  with  excess  of 
alkali.     Solution  of  sngar-of-lead  mixed  with  excess  of  ammonia  and 
exposed  to  the  sun  for  a  few  days,  yields  olive-green,  very  hard  crystals 
of  anhydrous  oxide.    (Tiinnermann,  Kastn,  Arch.  19,  339.)     Behrens 
(N.  J.  Pharm.  4,  18)  supersaturates  the  sugar-of-lead  solution  with  a 
quantity  of  ammonia  sufficient  to  re-dissolve  the  precipitate;  filters  to* 
separate  any  carbonate  of  lead-oxide  that  may  have  been  formed;  puts 
the  filtrate  into  a  stoppered  bottle;  and  exposes  it  to  the  rays  of  the  sun,. 
After  a  few  hours,  transparent  crystals  make  their  appearance,  colourless 
at  first,  but  afterwards  becoming  yellowish,  and  finally  yellowish-grey. 
Their  powder  is  white,  but  assumes  a  dark  brown-red  colour  after  long 
trituration. — 4  measures  of  sugar-of-lead  solution  saturated  at  30°,  mixed . 
with  100  measures  of  boiling  water,  and  then  with  45  measures  of  aqueouS: 
ammonia,  deposit,  in  the  course  of  half  a  minute,  a  large  number  of  very  • 
delicate,  yellowish-white,  rhomboidal  laminsa,  having  a  silvery  lustre  and 
united  in  tufts;  these  laminie  must  be  separated  by  levigation  from  the 
crystalline  granules  of  hydrated  oxide  which  faU  down  at  the  same  time, 
then  washed  with  boiling  water,  and  dried  in  vacuo.    When  i^ited, . 
they  do  not  give  off  any  water — or  only  a  Uaoe  of  it,  with  decrepitation 
-^Htieither  do  they  lose  their  transparency.     They  may  be  obtained  with^ 
out  admixture  of  hydrate,  by  boiling  100  measures  of  a  saturated  solutioQ 
of  tris-acetate  of  lead-oxide  with  50  measures  of  water,  adding  thereto  a 
miztoie  .of  50  measures  of  water  at  80%  and  8  measures  of  aqueous 
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ammonia^  and  heating  the  mixture  in  tbe  water-bath.  la  the  eonne  of  a 
minute,  crystals  of  ue  oxide  separate,  free  from  hydrate,  the  formatioa 
of  the  latter  being  prevented  by  the  high  temperature.  (Payen,  Ann* 
Chim,  Fhys,  66,  54;  also  J,  pr,  Chem,  13,  485.) — By  mixing  at  a  boiling 
heat  the  solutions  of  1  At  sugar-of-lead  and  1^  At.  potash  in  a  tenfold 
quantity  of  water,  the  oxide  is  obtained  in  delicate  reddish-yellow 
spangles  having  the  metallic  lustre.  (Winkelbleoh.)  If  solution  of  sugar** 
of-lesul  be  dropt,  with  agitation,  into  strong  lime-water  heated  to  88°,  dll 
crystalline  scales  make  their  appearance,  and  a  small  quantity  more  be 
then  added,  the  scales  increase  rapidly  in  number  as  the  liquid  cools : 
when  dry,  they  are  yellowish-white,  with  a  silvery  lustre,  and  like  taLo 
to  the  touch;  when  ignited  they  turn  red,  without  loss  of  weight,  but  oa 
cooling  regain  their  original  colour,  shape,  and  lustre.  (Brendeckci  Reperi, 
55,  318.)----5.  By  placing  lead  in  contact  with  air  and  water.  On  the 
bottom  of  a  leaden  vessel  filled  with  water,  there  are  first  formed  a  num- 
ber of  white  flakes  of  hydrated  dicarbonate  of  lead-oxide,  then  shining 
grey  crystals  of  anhydrous  oxide,  partly  in  scales  like  mica,  partly  in 
rhombic  dodecahedrons  with  cube-faces.  When  heated  they  become 
opaque  and  oiange-coloured,  but  without  losing  weight  or  lustre.  (Yorke^ 
PhU.  Mag.  J.  5,  82.^ 

Lead-oxide  is  ootained  in  the  amorphous  state,  by  throwing  the 
hydrated  oxide  into  fused  hydrate  of  soda  and  washing  the  residue,  when 
cold,  with  water.  Red  mass,  of  the  colour  of  minium,  and  yielding  a 
reddish-yellow  powder;  between  2Wf  and  400'',  it  assumes  a  brown-red 
colour,  which  it  retains  after  cooling,  but  if  heated  above  400°,  it 
becomes  sulphur-yellow  on  cooling.  It  is  distinguished  from  the  crystal* 
liied  red  oxide  by  its  very  ready  solubility  in  acids.  (Calvert,  dompU. 
rend,  16,  861.) 

Lead-oxide,  in  its  ordinary  stale,  is  either  a  lemon^yellow  or  a 
reddish-yellow  powder.  This  may  perhaps  be  regarded  as  the  powder 
of  the  oxide  in  its  yellow  crystallized  state.  It  assumes  a  brown-red 
colour  whenever  it  is  heated.  Specific  gravity  9*2092  (Karsten);  9*277 
(Herapath);  after  fusion,  9*50  (Boullay).  Lead-oxide  fuses  at  a  red 
heat,  and  on  cooling,  solidifies  in  a  mass  of  crystalline  scales;  according 
to  Marx,  it  expands  in  solidifying.  It  does  not  solidify  to  a  glass  on 
cooling,  unless  it  contains  silica.  (Fuchs,  Scfiw,  67,429.)  A  trace  of  silica 
added  to  fused  oxide  of  lead,  renders  it  vitreous.  (Biewend,  J,  pr,  Chem* 
23,  250.)  A  similar  effect  is  produced  by  fusion  in  an  earthen  crucible. 
The  glaiss  has  a  density  of  8*01  (Le  Royer  &  Dumas);  it  is  transparent, 
and  yellow,  or  if  metallic  lead  [or  the  suboxide  ?1  be  present,  green* 
(Proust.)  Lead-oxide  volatilizes  at  a  white  heat,  but  less  easily  according 
to  Foumet  {Ann,  Chim,  Phyt,  55,  414),  than  metallic  lead^  According  to 
Brendecke,  lead-oxide  turns  reddened  litmus  blue. 

Berthier.  D(^bereiner.  VauqaeUn.  J.  Davy. 

Pb 104     ....    92*857    ....    93*S    ....     93*02    ....    93    ....     92-85 

O  8    ....      7*143    ....      6'7    ....      6.98    ....      7    ....      7*16 
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PbO  112    ....  100000    ....  1000    ....  10000    ....  100    ....  10000 

Berzeliiu.      Bacbolz.   Trommsdorif.  Frooat.    Thomson.    Richter. 

Fb « 92-828    ....     92-59     ....    91*01     ....     91     ....     90-5    ....    88*5 

0 7172     ....      7*41     ....      8-99    ....       9    ....       95    ....     11*5 

100000  ....  10000  ....  10000  ....  100  ....  1000  ....  1000  ; 

(PbO  »  1294*6  4-  106  a  1394*6.  Berzslias.). 
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Deeompontions.  1.  Lead-oxide  is  reduced  io  the  metallic  state  by- 
charcoal  (very  easily,  and  with  initimescence  oa  charcoal  before  the 
blowpipe),  by  carbonic  oxide  and  by  hydrogen  at  a  low  red  heat.  The 
crystalline  oxide  obtained  by  precipitating  a  hot  sugar-of-lead  solution 
with  potash  is  reduced  by  carbonic  oxide  or  hydrogen  gas  at  a  tempera- 
ture not  much  above  100  .  (Winkelblech.)  Hydrogen  gas  first  produces 
the  dark  grey  suboxide,  an^rwards,  at  a  low  red  heat,  metallic  lead. 

iBerzelius.)  The  reduction  of  lead-oxide  at  a  strong  red  heat  in  crucibles 
N,  GM,  4,  98)  is  due  to  the  action  of  carbonic  oxide  gas  which  pene- 
trates the  crucibles.  By  potassium  and  sodium,  at  temperatures  some- 
what below  the  melting  points  of  these  metals,  lead-oxide  is  reduced, 
with  vivid  ignition,  to  the  metallic  state.  By  antimony,  to  the  metallic 
state.  By  cyanide  of  potassium,  to  cyanate  of  potash  and  metallic  lead 
(Liebig.) — 2.  By  heating  with  sulphur,  lead-oxide  is  converted  into 
sulphurous  acid  and  a  mixture  of  oxide  and  sulphide  of  lead. — 3.  By 
chlorine- water,  into  peroxide  and  chloride  of  leaa:  2PbO  +  Cl=PbO'-h 
PbCl.  Similarly  by  bromine.  (Lbwig.) — 4.  Lead-oxide  fused  in  excess 
with  metallic  sulphides,  sometimes  decomposes  them  with  formation  of  a 
sulphate,  as  with  barium;  sometimes  with  evolution  of  sulphurous  acid, 
as  in  the  case  of  the  heavy  metals.  The  metal  of  the  metallic  sulphide 
either  unites  directly  with  the  lead,  or  it  is  converted  into  oxide,  and 
fuses  together  with  a  portion  of  the  lead-oxide,  while  pure  lead  separates 
out;  with  a  smaller  quantity  of  lead-oxide,  sulphide  of  lead  is  produced 
as  well  as  the  metal,  while  part  of  the  other  metallic  sulphide  remains 
undecomposed,  and  fuses  into  a  slag  with  the  metallic  oxide  produced 
and  the  excess  of  lead-oxide.  ( Berth ier.) — >l  pt.  Sulphide  of  Barium  and 
2  to  4  pts.  litharge  yield  without  fusion  a  black  slag,  consisting  of  baryta 
and  lead-oxide,  which  may  be  extracted  by  acetic  acid,  and  likewise  of 
sulphate  of  baryta,  sulphide  of  lead,  and  metallic  lead.  With  30  pts. 
litharge,  the  sulphur  is  completely  oxidized,  and  forms  sulphate  of 
baryta. — 1  pt.  Sulphide  of  Manganese,  with  4  pts.  litharge,  evolves 
without  fusion  a  large  quantity  of  sulphurous  acid,  and  yields  a  black 
slag,  the  lower  part  of  which  contains  lead  and  sulphide  of  lead.  With 
6  pts.  litharge,  the  mass  becomes  soft  and  doughy,  and  a  brown  slag  is 
formed,  still  containing  a  large  quantity  of  sulpniae  of  manganese,  with 
separation  of  35  parts  of  brittle  lead.  With  20  parts  of  litharge,  the 
mixture  fuses  readily,  and  yields  a  hyacinth-red  glass,  together  with  6 '2 
parts  of  ductile  lead.  With  30  parts  of  litharge,  6*G  parts  of  lead  sepa- 
rate out  (consequently  the  sidphide  of  manganese  is  perfectly  oxidized), 
and  above  it  a  brown-red  glass. — Tersulphide  of  arsenic  yields  very 
fusible  mixtures  with  litharge;  but  unless  the  quantity  of  litharge  equals 
from  20  to  30  times  that  of  the  orpiment,  only  a  part  of  the  sulphur  is 
volatilized  in  the  form  of  sulphurous  acid:  52  parts  of  orpiment  and  279 
of  litharse  yield,  without  separation  of  lead,  a  black  mass,  having  the 
metallic  lustre  and  a  granular  fracture.  With  558  pts.  litharge,  a  similar 
slag  is  formed,  and  below  it  40  parts  of  ductile  lead  free  from  arsenic. 
With  1023  pts.  litharge,  the  separated  lead  amounts  to  300  parts,  and 
the  slag  is  dense,  black,  and  shining.  With  1302  pts.  litharge,  360  pts. 
lead  are  obtained,  together  with  a  brown -black,  translucent  slag.  With 
1673  pts.  litharge;  450  pts.  lead  and  a  hyacinth-red  glass.  With  1960 
pts.  litharge:  470  pts.  lead,  and  a  pale  hyacinth-red  glass.  But  it  is 
only  when  the  quantity  of  lead-oxide  amounts  to  3120  parts,  that  the  slag 
resembles  litharge  in  appearance,  and  is  perfectly  free  from  sulphide  of 
arsenic. — Tersulphide  of  Antimony  has  a  strong  tendency  to  fuse  with 
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litharge,  lut  the  sulphnr  is  not  completely  oxidized  unless  the  quantity 
of  litharge  is  25  times  as  great  as  that  of  the  antimonioas  salphide. 
1  part  of  antimonioas  salphide  and  3 '8  pts.  litharge  yield  0'2  lead  and 
a  dense,  black,  very  fluid  sla^.     With  6  pts.  litharge: — 0*9  pts.  lead  with 
the  same  slag.     With  10  litharge: — 1*6  lead,  with  a  slag  which  has  pre- 
cisely the  composition  of  lead-scum.     With  140  litharge: — 5  lead  and  a 
hyacinth-red  glass.     With  250  litharge: — 5 '7  lead  and  a  mass  resembling 
litharge. — 1  pt.  Sulphide  ef  Bismuth,  yields  with  2*56  pts.  litharge,  an 
alloy  of  lead  and  bismuth,  and  a  black  crystalline-granular  slag.     With 
5*12  litharge:— 2*48  alloy  and  a  dark-grey  granular  slag.     With  10*24 
litharge: — 3*25  alloy,  containing  24*5  per  cent,  of  bismuth,  and  a  greenish- 
yellow  mass  resembling  litharge. — 1  pt.  Sulphide  of  Zinc  {Blende)  with 
4*65  litharge,  forms  a  doughy  mass,  and  yields  2*4  parts  oi  brittle  lead 
(containing  traces  of  zinc  and  sulphur)  and  a  black,  metal-shining  slag 
containing  sulphide  of  lead.     With  6*07  litharge: — 2*96  brittle  lead,  and 
a  very  fluid,  black,  opaque  slag.     With  10  litharge: — 4*3  ductile  lead 
and  a  dark-grey  slag.     With  25  litharge: — ^'5  pure  lead  and  a  yellow 
translucent  glass.     With  this  proportion  of  litharge,  both  the  zinc  and 
the  sulphur  are  completely  oxidated. — 1  pt.  StannS:  Sulphide  and  5  pts. 
litharge,  yield  semi-ductile  metallic  lumps,  containing  sulphide  of  lead, 
snlphide  of  tin,  and  metallic  oxides.    With  12  pts.  litharge: — 3'6  lead  and 
a  hyacinth-red  glass.     With  20  litharge: — 5*4  lead  and  a  similar  glass. 
With  30..  50  litharge: — 6  lead  and  a  similar  glass.  (Berthier,  Ann,  Chim, 
Phys,  39,  244.) 

Combinations,     a.  With  Water. — ».  Hydrate  of  Lead-oxide, — Bright 
lead,  exposed  to  the  action  of  pure  water  and  of  air  free  from  carbonic 
acid,  forms  white  flakes  of  hydrate.  (^Bonsdorff.) — 2.  The  hydrate  may 
be  prepared  by  dropping  sugar-of-leaa  solution  into  excess  of  ammonia 
till  the  precipitate  becomes  permanent,  then  washing  it  and  drying  at  a 
gentle  heat.  (Tiinnermann,  Kasin.  Arch,  19,  338.)     Trisacetate  of  lead- 
oxide  may  also  be  used.     The  precipitate  must  be  washed  out  of  contact 
of  air,  and  dried  in  vacuo  at  15''.  (Payen,  Ann,  Ohim,  Phys.  66,  49 j  also 
J.  pr.  Clum,  13,  484.) — 3.  By  mixing  4  measures  of  water  saturated  at 
30^  with  sugar-of-lead,  with  400  measures  of  boiling  water,  and  then 
adding  4  measures  of  aqueous  ammonia.    Toother  with  the  crystals  of  the 
anhydrous  oxide  (pp.  110,  111),  there  are  likewise  deposited  denser  crys* 
talhne  grains  of  the  hydrate,  which  may  be  separated  by  levjgation. 
(Payen.)     To  obtain  larger  crystals,  100  measures  of  water  saturated 
at  25°  with  trisacetate  of  lead-oxide,  and  diluted  with  60  measures  of 
water  freed  from  air  by  boiling,  are  mixed  with  4  measures  of  ammonia 
diluted  with  60  measures  of  water  also  freed  from  air  by  boiling  and 
then  cooled,  and  the  mixture  kept  for  some   time  at  a  temperature 
of   30^.      The  crystallization  begms   in    an   hour,  and  is  finished  in 
24  hours.  (Payen.) — 5.  By  precipitating  sugar-of-lead,  or  some  other 
lead-salt,  with  potash  or  soda.   (Mitscherlich.)      Mulder  {J,  pr,  Chetn. 
1 9,  79),  after  pouring  off  the  liquid,  boils  the  precipitate  for  some  time 
with  potash,  and  dries  it  at  100°.     According  to  Winkelblecb,  potash 
added  to  nitrate  or  acetate  of  lead-oxide,  even  when  in  excess  and  aided 
by  heat,  does  not  precipitate  the  hydrated  oxide,  but  a  basic  salt. 

Hydrated  lead-oxide  is  a  white  powder.  When  examined  by  the 
microscope,  it  is  seen  to  consist  (1)  of  transparent  and  colourless  four-sided 
prisms— or,  if  precipitated  from  the  trisacetate— of  little  stars  formed 
by  the  union  of  four  octohedrons;  (2)  of  short,  four-sided  prisms  with 
four-sided  summits;   (3)  of  regular  octohedrons.  (Payen.)     The  hydrate 
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turns  reddened  litmns-paper  blue.  (Berselias^  ^ogg»  25,  396.)  It  retains 
its  water  and  its  colour  at  temperatures  somewhat  aboTe  100^.  (Mits- 
oherlich.)  According  to  Tiinnermann,  it  acquires  a  brownish-yellow  tint 
at  a  temperature  below  100°.  At  130^  it  begins  to  give  off  its  water, 
and  at  145°  the  whole  of  the  water  escapes,  quite  free  from  acetic  acid, 
pure  oxide  being  left  behind*  (Payen,  J.  pr,  Ghem.  17,  197.)  It  is 
dehydrated  by  boiling  with  strong  potash-ley.  (Bottger.) 

TUnnermaim.  Mitscherlich.    Payen.        Mulder. 

(2)  (5)  (2-4)  (6) 

3PbO 336    ....     97-39    ....     9607     ....     96-5     ....     97*35     ....     97*31 

HO    9     ....       2-61     ....       3*93     ....       3*5     ....       2*65     ....       2*69 

3PbO,HO  ....     345     ....  lOO'OO     ....  100*00     ....  100*0     ....  100-00    ....  100*00 

IT  Schaffner  (Ann,  Pharm.  51,  175),  by  precipitating  acetate  of  lead- 
oxide  with  potasn,  obtained  a  hydrated  oxide  containing  96*40  lead-oxide 
and  3*60  water,  corresponding  to  the  formula,  2PbO-i-HO.  IT 

fi.  Aqueous  SoltUion  of  Lead-oxide,'-^!,  Clean  lead  in  contact  with 
water  and  air  free  from  carbonic  acid,  yields  a  solution  of  lead-oxide 
which  turns  reddened  litmus  blue,  gives  a  faint  red  tint  to  turmeric,  is 
turned  brown  by  sulphuretted  hydrogen,  and  gives  white  precipitates 
with  sulphuric  acid  and  with  several  salts.  Water  freed  from  air  by 
boiling  does  not  dissolve  lead  when  kept  in  contact  with  it  in  a  close 
vessel;  water  which  has  been  agitated  with  air  becomes  charged  with 
lead-oxide  in  the  course  of  two  hours,  the  quantity  dissolved  amounting 
to  between  -tTTTrv  ^^^  TTrirr?*  ^^  ^^^^  slightly  reddens  turmeric,  and  turns 
reddened  litmus  blue;  becomes  turbid  when  shaken  up  in  a  half-filled 
bottle,  or  when  boiled;  yields  lead  at  the  negative  and  peroxide  at  the 
positive  pole  when  actea  upon  by  the  electric  current;  gives  a  brownish- 
black  precipitate  with  hydrosulphuric  acid;  becomes  turbid  immediately 
with  carbonic  acid  (the  turbidity,  however,  disappearing  when  the  acid  is 
in  excess),  or  with  sulphuric  acid,  or  acid  sulphate  of  potash  or  soda;  more 
slowly  with  the  neutral  sulphates;  becomes  turbid  when  mixed  with 
sulphate  of  lime  or  common  salt,  and  slowly  with  nitre;  forms  with 
iodide  of  potassium  a  white  cloud,  which  turns  yellow  on  the  addition  of 
a  small  quantity  of  very  dilute  hydrochloric  acid,  together  with  a  yellow 
precipitate;  with  chromate  of  potash,  it  forms  a  yellow  precipitate  on 
the  addition  of  acetic  acid.  Spring-water  of  tolerable  purity,  two  pounds 
of  which  contain  only  If  grains  of  salts  and  no  carbonic  acid,  likewise, 
when  passed  through  a  leaiden  tube  150  feet  long,  dissolves  a  quantity  of 
lead  sufficient  to  give  a  brown  colour  with  hydrosulphuric  acid.  If  a 
bright  iron  nail  be  driven  through  a  leaden  plate,  and  the  whole  immersed 
in  water  contaiDing  air,  a  white  crystalline  substance  forms  on  the  lead, 
and  the  water  becomes  charged  with  lead-oxide,  while  the  nail  does  not  ru6t 
at  all  in  the  immediate  neighbourhood  of  the  lead,  and  much  less  on  the 
other  parts  of  its  surface  than  another  nail  immersed  alone  in  the  water. 
(Ph.  Yorke,  Phil,  Mag,  J.  5,  82;  abstr.  Pogg,  33,  110.)  Distilled  water 
in  contact  with  lead  and  with  air  free  from  carbonic  acid,  dissolves  ^^^5^^ 
lead-oxide,  acquires  an  alkaline  reaction,  and  becomes  turbid  on  exposure 
to  the  air,  in  consequence  of  the  formation  of  hydrated  dicarbonate  of 
lead-oxide.  TBonsdorff,  Pogg,  41,  306.)  Wetzlar  found  that  aerated 
water,  after  being  placed  in  contact  with  lead,  gave  a  very  slight  pre- 
cipitate with  hydrosulphuric  acid,  but  no  alkaline  reaction.  The  presence 
•f  small  quantities  of  carbonic  acid,  sulphuric  acid,  or  of  various  salts. 
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prerents  the  solution  of  the  lead-oxide,  or  greatly  diminishes  the  quantity 
dissolyed:   this  was  first   observed   by  Morveau. — 1    Tolume  of  water 
charged  with  \  vol.  carbonic  acid  gas  aissolves  a  mere  trace  of  lead-oxide 
in  the  form  of  carbonate,  which  may  be  detected  by  hydrosulphuric  acid, 
and  the  lead  remains  quite  bright;  this  water,  after  boiling,  again  exerts 
a  solvent  action  if  eicposed  to  the  air.     Spring- water,  10  pounds  of  which 
contain  1'21  gr.  chloride  of  sodium   and  chloride  of  calcium,  together 
with  6'4  gr.  carbonate  of  lime  dissolved  in  excess  of  carbonic  acid,  pro- 
duces a  slight  deposit  of  brownish  oxide  on  the  surface  of  the  lead,  but 
does  not  dissolve  any.  (Yorke.)     When  lead  is  immersed  in  water  con- 
taining sulphate  of  potash,  common  salt,  or  nitre,  and  exposed  to  the  air, 
the  water  tokes  up  a  mere  trace  of  lead-oxide,  recognizable  by  hydrosul- 
phuric acid.  (Wetzlar.)     The  greater  the  purity  of  spring- water,  the 
greater  is  the  quantity  of  lead  which  it  dissolves,  and  the  less  fit  are 
leaden  pipes  for  conducting  it.     Leaden  pipes  should  not  be  used  for  the 
purpose  unless  lead  remains  untarnished  after  24  hours'  immersion  in  the 
water,*  they  are  unfit  for  conducting  water  containing  less  than  ^f^\^  of 
its  weight  of  salts.     If  the  quantity  of  salts  exceeds  this  limit,  and  the 
salts  consist  mainly  of  sulphates  and  carbonates,  leaden  pipes  may  be 
used;  but  if  they  consist  chiefly  of  chlorides,  even  1  part  in  4000  is  not 
sufiicient  to  prevent  the  solution  of  the  lead.  (Christison,  FhiL  Mag,  J, 
21,  158.) — 2.  Lead-oxide  dissolves  in  water,  forming  the  same  solution. 
Scheele  {Opusc.  2,  283),  by  placing  litharge  in  water  contained  in  closed 
vessels,  and  agitating  occasionally  for  several  days,  obtained  a  solution 
which  gave  precipitates  with  carbonic  and  sulphuric  acid.     Lead-oxide 
obtained  by  igniting  the  nitrate,  yields,  when  shaken  up  with  water,  a 
filtrate  which  has  a  faint,  sweetish-bitter  taste,  turns  reddened  litmus 
blue,  and  is  rendered  turbid  by  carbonic  acid,  sulphuric  acid,  sulphates, 
common  salt,  and  nitre;  these  re-agents,  however,  leave  a  portion  of 
lead-oxide  in  solution,  for  the  filtrate  turns  brown  when  treated  with 
hydrosulphuric  acid.  (Wetzlar,  8chw,  54,  324.) 

The  solubility  of  pure  lead-oxide  in  water  is  denied  by  Tiinnermann 
(Kastn.  Arch.  19,  338),  Brendecke  (BepeH.  53,  155,  an<f  313),  Siebold 
{Repert,  53,  174),  and  Herberger  {ReperL  55,  55).  The  discrepancy 
between  the  results  obtained  by  these  observers  and  those  already  given, 
appears  to  arise  from  their  having  generally  left  the  water  which  they 
placed  in  contact  with  lead,  its  oxide,  or  its  hydrated  oxide,  freely 
exposed  to  the  air,  and  likewise  to  their  having  sometimes  strained 
through  double  or  quadruple  filters  exposed  to  the  air  all  the  time.  Under 
these  circumstances,  the  Iciul-oxide  dissolved  in  the  first  instance,  may  have 
been  precipitated  by  the  carbonic  acid  in  the  air. 

b.  With  Acids,  forming  the  Balts  of  Lead-oxide,  or  Lbad-salts.-^ 
Lead-oxide  has  a  considerable  affinity  for  acids.  Lead-salts  are  colourless, 
unless  they  contain  a  coloured  acid,  and  of  great  specific  gravity.  Those 
which  are  soluble  in  water  have  a  sweet  astringent  taste  and  redden 
litmus.  They  sustain  a  red  heat  without  alteration,  unless  the  acid  is 
very  volatile  or  decomposible.  When  heated  with  carbonate  of  soda  or 
charcoal  before  the  blowpipe,  they  yield  a  button  of  lead.  Their 
aqueous  solution  is  precipitated  in  metallic  dendrites,  forming  the  Lead* 
tree,  Arbor  Satumi,  by  zinc,  cadmium,  and  tin,  and  slowly  by  iron.  The 
action  of  zinc  and  cadmium  is  immediate  and  complete.  Zinc,  however, 
does  not  precipitate  lead  from  an  alcoholic  solution  of  sugar-of-lead.  Tin 
ceases  to  act  as  soon  as  it  becomes  covered  with  lead;  if  the  nitrate  be 
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the  salt  used,  stannic  oxide  is  afterwards  precipitated  togeilier  with 
basic  nitrate  of  lead-oxide.    Iron  gives  a  precipitate  with  lead-acetate* 
(also  with  the  trisacetate,  Pajen,  Ann.  Chim,  Phys,  54,  273),  bat  not  till 
after  some  time,  and  on  exposure  to  the  air  the  lead  is  sometimes  preci- 
pitated in  large  crystals;  on  nitrate  of  lead-oxide,  iron  acts  only  under 
the  same    circumstances  as    on  stannous  salts    (p.   70).      Manganese 
immersed  in  lead-acetate  throws  down  a  brown  powder.  (Fischer,  GUh. 
72,  289;  Pogg.  9,  262;  10,  603.)     The  quantity  of  lead-oxide  in  the 
nitrate  solution  must  be  at  least  eaual  to  y^Vr,    in  order  to  give  & 
perceptible  indication  of   reduction  by  zinc.    (Harting.)     Lead-acetate 
dissolved  in  100... 500  parts  of  water,  mixed  with  hydrochloric  acid  and 
kept  from  contact  of  air,  is   not  precipitated  by  copper,  which   only 
contracts  a  few  spots  even  at  a  boiling  heat;  but  if  the  air  has  access  to 
the  solution,  the  lead  is  precipitated  in  the  form  of  a  black  powder. 
(Reinsch,  J.  pr.  Ghem,  24,  248.^     Phosphuretted  hydrogen  gas  slowly 
precipitates    from  lead-salts  a   orown  phosphide  of  lead.    (H.   Rose.) 
Hydrosulphuric  acid  throws  down  black  sulphide  of  lead,  or  if  the  lead-* 
solution  is  very  dilute,  colours  it  brown.     The  limit  of  the  brown  coloar- 
ing  is  attained,  when  1  part  of  lead-nitrate  is  dissolved  in  100,000  parts 
of  water  (Pfaff);  when  1  part  of  lead  (in  the  form  of  nitrate)  is  dissolved 
in  200,000  parts  of  water  (Lassaigne);  when  1'  part  of  lead-oxide  (in 
the  form  of  nitrate)  is  dissolved  in  350,000  parts  of  water.  (Harting.) 
If  the  solution  of  the  lead-salt  contains  free  hydrochloric  acid,  the  pre- 
cipitate is  red  or  yellow,  and  a  larger  quantity  of  hydrochloric  acid 
prevents  it  altogether.     A  solution  of  1  part  of  l&od-acetate  in  200  parts 
of  water  mixed  with  5  parts  of  hydrochloric  acid  of  specific  gravity 
1*168,  ^ves,  with  hydrosulphuric  acid,  a  brown  precipitate  which  soon 
turns  black;  with  10  parts  of  hydrochloric   acid,    an  immediate    red 
precipitate  which  soon  turns  brown  and  afterwards  black;  with  20  parts 
of  hydrochloric  acid,  a  carmine-red  precipitate  is  gradaally  formed,  which 
retains  its  colour  and  consists  of  sulphide  and  chloride  of  lead;  and  with 
30  to  50  parts  of  hydrochloric  acid,  a  slight  precipitate,  but  only  after 
the  addition  of  *water.  (Reinsch,  Reperi,  56,  183.)     A  solution  of  1  part 
of  lead-acetate  in  112  parts  of  water,  mixed  with  14  parts  of  hydro- 
chloric acid,  gives  a  yellow  precipitate  with  hydrosulphuric  acid.  (Reinsch, 
Repert,  56,   183.)     Sulphuretted  hydrogen  water  mixed  with   a  large 
quantity  of   hydrochloric  acid  gives  with   lead-salts   a  red   precipitate 
which  soon  turns  black.  (H.  Rose.)     Paper  saturated  with  a  lead-salt 
and  then  thoroughly  dried,  is  not  blackened  by  sulphuretted  hydrogen 
ipA,  (Pamell,  J.  pr.  C/usm.  26,  190.)     Aqueous  alkaline  hydrosulphates 
likewise  throw  down  from  lead-salts  a  black  precipitate  of  lead-sulphide, 
insoluble  in  excess  of  the  alkaline  hvdrosulphate.     Sulphide  of  cadminm, 
and  likewise  the   hydrated  sulphides  of  manganese,   iron,   cobalt   and 

nickel,  throw  down  sulphide  of  lead  from  lead-salts.  (Anthon.) Hydriodic 

acid  or  iodide  of  potassium  added  to  a  solution  of  a  lead-salt,  not  too 
dilute,  throws  down  orange-yellow  iodide  of  lead,  soluble  in  a  large 
excess  of  iodide  of  potassium. — Bromide  of  potassium  gives  a  white 
precipitate  with  lead-salts.  (Boland.)— Hydrochloric  acid  and  its  salts 
precipitate  chloride  of  lead  only  from  somewhat  concentrated  solutions' 
the  precipitate  is  a  white  crystalline  powder,  soluble  in  a  large  quantity 
of  water  and  also  in  potash.  A  solution  containing  1  part  of  lead-nitrate 
in  100  parts  of  water  is  the  most  dilute  in  which  hydrochloric  acid  will 

*  By  the  simple  term  lead-acetate,  is  to  be  understood  the  neutral  acetate,  or  common 
sugar-of-kad. 
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produce  a  precipitate.    ^Pfaff.)— Bromine  colonrs  lead-salts  jellowish- 
brown,  and^  even  when  aaded  in  small  quantity,  throws  down  yellowish- 
brown  peroxide  of   lead  [with  bromide?]  on  the  application  of  heat' 
(Simon.)     Chlorine- water  added  in  lar^  quantities  and  heated,  throws 
down   brown   peroxide  of   lead;   an  aqueous  mixture  of  chlorine  and 
bromine  produces  an  immediate  precipitate.  (Simon.)     Chloride  of  soda 
produces  a  reddish-yellow  precipitate  of  sesquioxide  of  lead,  which,  when 
heated,  is  converted  into  the  brown  peroxide.  (Winkelblech.) — Ammonia 
gives  with  lead-salts  a  white  precipitate,  which  is  either  the  hydrated 
oxide  or  a  basic  salt,  and  is  insoluble  in  excess  of  ammonia. — Potash 
throws  down  white  hydrate  of  lead- oxide,  solublo  in  a  large  excess  of 
potash,  especially  when  heated. — Carbonate  of  ammonia,  potash,  or  soda 
(the  bicarbonates  with  effervescence),  throws  down  white  carbonate  of 
lead-oxide,  insoluble  in  excess  of  the  precipitant,  but  soluble  in  caustic 
potash.     A  solution  of  1  part  of  lead  (in  the  form  of  nitrate)  in  50,000 
parts  of  water  is  rendered  slightly  milky  by  carbonate  of  soda;  with 
100,000  parts  of  water  a  slight  opalescence  is  produced  after  five  minutes, 
and  with  200,000  parts  of  water,  after  ten  minutes.  (Lassaigne.) — Phos- 
phate of  soda  gives  a  white  precipitate  soluble  in  potash. — Sulphuric 
acid  and  its  salts  throw  down  white,  finely  pulverulent  sulphate  oi  lead- 
oxide.     This  precipitate  is  insoluble  in  cold  dilute  acids;  it  is  distin- 
guished from  sulphate  of  baryta  by  the  blackening  which  hydrosulphate 
of  ammonia  produces  in  it.     Leaa-oxide  is  likewise  completely  precipi- 
tated by  sulphuric  acid  from  a  dilute  solution  containing  excess  of  hydro- 
chloric or  nitric  acid,  provided  the  sulphuric  acid  is  added  in  considerable 
quantity.  (Wackenroder,  Eepert,  46,  225.)     1  part  of  lead-oxide  (in  the 
lorm  of  nitrate)  dissolved  in  20,000  parts  of  water  is  still  plainly  indi- 
cated by   sulphuric  acid  added  in  excess  (Pfaff,  Harting,  J.  pr,  Chem. 
22,  51);  1  part  of  lead  (in  the  form  of  nitrate)  dissolved  in  25,000  parts 
of  water  gives  an  opalescence  with  sulphate  of  soda  after  a  quarter  of  an 
hour.    (Lassaigne,  J,   Chim.  Med.  8,  581.) — Chroroate  of  potash  gives 
with  lead-salts  a  yellow  precipitate  of  chromate  of  lead-oxide.     This 
precipitate  is  insoluble  in  dilute  nitric  acid;  it  turns  red  when  digested 
with  ammonia;  a  basic  lead-salt  gives  a  yellowish-red  precipitate.     The 
limit  of  the  reaction  is  attained  with  1  part  of  lead-oxide  in  the  form 
of  nitrate,  dissolved  in  70,000  parts  of  water.  (Harting.) — Arseniate  of 
soda  throws  down  white  arseniate  of  lead-oxide. — Oxalic  acid  and  alkaline 
oxalates  give  a  white  precipitate  of  oxalate  of  lead-oxide.     The  precipi- 
tation by  alkaline  oxalates  takes  place  even  in  a  solution  diluted  100,000 
times.  (PfiEiff.)     Oxalic  acid  gives  a  precipitate,  even  in  solutions  con- 
taining excess  of  acid,  provided  they  are  dilute.  (Wackenroder.) — Tinc- 
ture of  galls  forms  a  straw-yellow,  and  ferrocyanide  of  potassium  a  white 
precipitate.     With  1   pt.   in   8000.    (Pfafi*.)*— Bromate  and  chlorate  of 

fiotash,  and  likewise  ferricyanide  of  potassium  give  no  precipitate  with 
ead-salts. — Those  lead- salts  which  are  insoluble  in  water  dissolve,  for  the 
most  part,  in  nitric  acid.  The  carbonate,  phosphate,  and  sulphate  are 
likewise  soluble  in  a  cold  dilute  solution  of  sal-ammoniac  (Brett) 

c.  With  certain  Salifiable  Bases.  The  compounds  prepared  in  the 
dry  way  have  sometimes  a  vitreous  appearance.  From  the  aqueous 
solutions  of  the  compounds  of  lead-oxide  with  the  alkalis,  zinc  throws 
down  the  lead  in  the  metallic  state*  These  compounds  may  be  called 
Plumhites, 

d.  With  Chloride  of  Lead. 

e.  With  Resin,  Starch,  Gum,  Sugar,  and  certain  other  non-acid 
organic  substances. 
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B.  Red  Oxide  op  Lead.    Pb»0*=2PbO,  PbO*. 

Bed  Lead,  Minium,  Bleihyperoxydul,  Devioxyde  de  Plonib, — Forwor 
tion. — 1.  By  keeping  the  protoxide  at  a  dull  red  heat  for  a  considerable 
time  in  the  air.  Red  lead  is  likewise  produced — after  previoas  formation 
of  hjdrated  and  aqueous  lead-oxide,  and  hydrated  dloarbonate  of  lead- 
oxide — when  lead-shavings  are  strewn  upon  water,  the  yessel  being 
loosely  covered  and  then  set  aside  for  some  months;  the  formation  takes 
place  principally  on  those  surfaces  of  the  lead  which  are  exposed  to  the 
air.  In  a  similar  manner,  drawings  made  with  lead  turn  red  in  the 
course  of  twenty  years,  (v.  Bonsdorff.) 

Preparation  on  the  large  scale, — Finely  pounded  massicot  (or  litharge) 
is  heated  for  24  hours  or  more,  either  on  the  flat  hearth  of  a  reverberatorj 
furnace,  or  in  vessels  lying  horizontally  and  having  wide  mouths  projecting 
from  the  side-openings  of  the  furnace,  the  mass  being  frequently  stirred 
and  the  heat  not  allowed  to  rise  above  dull  redness.  Litharge  is  too 
dense  for  the  purpose  and  oxidizes  but  very  imperfectly;  massicot  like- 
wise, even  after  eight  firings,  each  continued  for  24  hours,  is  far  from 
being  completely  converted  into  red  lead;  the  softer  oxide  obtained  by 
heating  white  lead,  oxidizes  much  more  quickly  and  completely.  Red 
lead  prepared  from  massicot  by  one  firing  of  24  hours  contains  8 '26  p.  c. 
oxygen,  and  when  ignited  yields  1'17  p.  c.  oxygen  gas;  it  contains  50 
per  cent,  of  real  minium,  and  when  treated  with  nitric  acid  yields  17*4  per 
cent,  of  brown  peroxide  of  lead.  After  2  firings,  these  quantities  become 
respectively:  830;  1*22;  521  and  18*2; — after  3  firings:  8*43;  13*6; 
58-1  and  20'3;— after  4  firings:  S'56;  1*50;  64*1  and  224; — after  5 
firings:  8*61;  1*05;  66*2  and  23*1;— and  after  8  firings:  8*79;  1*75; 
74*8  and  26*0.  On  the  other  hand,  minium  prepared  from  white  lead  by 
3  firings  contains  9*24  per  cent,  of  oxygen,  gives  off  2*23  per  cent,  of 
oxygen  gas,  contains  95*3  per  cent,  real  minium,  and  when  treated  with 
nitric  acid,  yields  33*2  per  cent,  peroxide  of  lead.  If  the  minium  thna 
prepared  be  moderately  heated  in  a  current  of  oxygen  gas,  it  afterwards 
evolves  2*40  per  cent  of  oxygen  on  ignition.  (Dumas,  Ann.  Ckim,  FhyM. 
49,  398.) 

To  free  commercial  red  lead  from  the  yellow  oxide  mixed  with  it, 
Dumas  digests  it  repeatedly  with  solution  of  lead-acetate;  Bersselius  and 
Dalton  recommend  treatment  with  cold,  very  dilute  acetic  acid;  Phillips 
recommends  144  pts.  at  most,  of  strong  acetic  acid  diluted  with  a  large 
quantity  of  water  to  100  of  minium,  inasmuch  as  if  more  acid  be  used, 
the  brown  peroxide  is  likewise  formed.  According  to  Dumas,  howeyer, 
peroxide  of  lead  is  always  formed  in  the  purification  of  minium,  before 
the  whole  of  the  free  protoxide  is  extracted,  even  when  the  dilutest 
acetic  acid  is  employed. 

Commercial  red  lead  likewise  contains  all  the  foreign  metallic  oxides 
— such  as  the  oxides  of  copper,  iron  and  silver — ^with  which  the  massicot 
or  litharge  used  in  preparing  it  is  contaminated. — Red  lead  is  likewise 
often  adulterated  with  oxide  of  iron,  red  bole  or  brick-dust;  these  sub- 
stances remain  undissolved  when  the  red  lead  is  digested  in  warm  dilute 
nitric  acid  to  which  a  little  sugar  has  been  added;  boiling  hydrochlorio 
acid  extracts  sesquioxide  of  iron  from  the  residue.  When  red  lead  thus 
adulterated  is  ignited,  there  remains  a  mixture  of  yellow  lead-K)xide  and 
the  red  substances  that  have  been  added  to  it. 
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On  the  flmall  scale,  red  lead  may  be  obtained  by  the  following  pro* 
cesses. — 1.  When  4  parts  of  lead-oxide  prepared  by  igniting  white  lead 
are  heated  in  a  silver  or  platinum  crucible  with  1  part  of  chlorate  of 
potash  and  8  parts  of  nitre  (the  latter  acting  as  a  flux  and  thereby  saving 
the  chlorate),  brown  peroxide  of  lead  is  first  obtained ;  but  this,  when 
further  heated  to  dull  redness,  is  converted,  with  intumescence  and  thick^ 
ening  of  the  mass,  into  red  lead.  As  soon  as  the  red  lead  begins  to 
decompose  at  the  edge  of  the  crucible,  the  mass  is  suffered  to  cool,  and 
the  red  lead  well  boiled  with  water  containing  potash. — 2.  By  boiling 
peroxide  of  lead  with  aqueous  plumbate  of  potash,  or  1  part  of  the  per- 
oxide with  5  parts  of  lead-nitrate  and  a  quantity  of  aqueous  potash  or 
soda  sufiicient  to  re-dissolve  the  hydrate  of  lead-oxide  first  precipitated^ 
till  a  brown-red  mixture  of  minium  with  a  small  quantity  of  the  peroxide 
is  produced,  and  digesting  this  mixture,  after  washing,  with  oxalic  acid, 
which  decomposes  the  peroxide  without  acting  on  the  minium.  [The 
product  may  contain  oxalate.]  The  minium  obtained  by  this  process  is 
rather  dark-coloured,  but  it  becomes  brighter  when  rubbed  up  with 
water;  it  has  the  same  composition  as  that  which  is  obtained  by  the 
ordinary  method.  (Level,  Ann,  Chim.  Phys.  75,  108;  also,  J.  pr.  Ohem. 
22,  38.) 

Scarlet,  crystalline-granular  powder ;  when  heated,  it  first  assumes  a 
finer  red  colour,  and  then  turns  violet.  Specific  gravity  8*62  (Karsten), 
8*94  (Muschenbroek),  9082  (Herapath), 


Thomson.    Beraeliiu.        Damas.     Vanquelin* 

3Pb    312    ....      90-7      -..      88      ....      90      ....      90*63      ....      91 

40 32    ....        9-3      ....      12      ....       10      ....        9'37      ....        9 

Pb»0* 344  ....  1000   ....  100   ....  100   ....  100*00   ....  100 

Or:  Or: 

2PbO  224        ...,        6512  PbO 112        ....        32-56 

PbOa  120        ....        34*88  PbW 232        ....        6744 

2PbO,PbO»...     344        Z      10000  PbO,Pb>0»....     344        Z.      10000 

Decompcntions,  1.  By  rather  strong  ignition,  it  is  resolved  into 
yellow  lead-oxide  and  (2'4  p.  c:  Dumou)  of  oxygen  gas. — 2.  By  many 
oxidixable  bodies,  at  various  temperatures,  it  is  reduced  to  the  yellow 
oxide.  Aqueous  sulphurous  and  hyponitric  acid  at  ordinary  tempera^ 
tnres,  convert  it  respectively  into  sulphate  and  nitrate  of  lead-oxide; 
sulphurous  acid  acts  very  slowly  in  the  cold,  but  rapidly  on  the  application 
of  heat.  Protochloride  of  tin  converts  it,  with  a  rise  of  temperature  of  13% 
into  chloride  of  lead  and  stannic  oxide.  (A.  Yogel,  Kastn,  Arch,,  23,  84.) 
It  is  likewise  reduced  by  boiling  with  a  solution  of  sugar. — 3.  Witp 
heated  oil  of  vitriol,  it  yields  sulphate  of  lead-oxide  and  oxygen  gas. — 
4.  With  nitric  acid,  dilute  sulphuric  acid,  and  likewise  by  weaker  acids, 
such  as  acetic  acid,  it  yields  peroxide  of  lead  and  a  salt  oi  the  protoxide. 
(Berzelius.)  With  a  small  quantity  of  strong  acetic  acid,  red  lead  forms 
a  white  mass,  which  dissolves  in  a  large  quantity  of  the  acid,  forming  a 
colourless  liquid,  from  which  peroxide  of  lead  is  gradually  deposited. 
(Berzelius.)  By  treating  common  red  lead  with  dilute  nitric  acid  at  ordinary 
temperatures,  Longchamp  {Ann*  Chim.  Phys.  84^  105)  obtained  16*66 
per  cent,  of  peroxide,  and  at  80°,  16'2  p.  c. ;  from  minium  crystallized 
m  fine  lamine,  Honton-Labillardi^re,  by  treating  it  with  nitric  acid, 
obtained  25  per  eent.  of  peroxide ;  Philfips  (Phil.  Mag,  J.  8,  1 25)  by 
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heating  commercial  minium  with  dilate  nitric  acid  obtained  24*8  p.  c. 
and  by  boiling  it  with  moderately  strong  acetic  acid,  25  8  p.  c.  of  per- 
oxide ;  bat  minium  previouslj  purified  by  cold  dilute  acetic  acid  yielded 
with  nitric  acid,  34  per  cent.  (For  Dumas*  results,  vid.  p.  119.)  By 
heating  with  nitric  acid,  a  portion  of  the  brown  oxide  is  decomposed 
and  partly  dissolved,  forming  a  violet-coloured  solution.   (LevoL)  — 

5.  By  a  small  quantity  of  hydrochloric  acid,  red  lead  is  converted  into 
chloride  of  lead,  peroxide  of  lead,  and  water : 

PbH)*  +  2Ha  =  2PbCl  +  PbO*  +  2H0. 

By  a  larger  quantity  of  hydrochloric  acid,  into  chloride  of  lead,  chlorine 
gas  and  water : 

Pb»0*  +  4Ha  =  3PbCI  +  Cl  +  4HO. 

6.  By  chlorine- water,  into  chloride  and  peroxide  of  lead  : 

PbKH+Cl  =  PbCl  +  2PbO». 

Similarly  with  bromine- water.  (Lb wig.) — Minium  is  not  decomposed  by 
mercurous  nitrate  or  oxalic  acid.  (Level.) 

C.  Sesquioxide  of  Lead?    Pb»0*. 

Chloride  of  soda  throws  down  from  lead-salts,  a  reddish-yellow  mixture 

of  sesquioxide  and  chloride  of  lead,  which,  if  wanned  or  left  to  stand  for 

some  time,  turns  brown  from  formation   of  peroxide.      To  obtain  the 

sesquioxide  free  from  chloride,  nitrate  of  lead-oxide  is  supersaturated 

with  potash  in  sufficient  quantity  to  re-dissolve  the  precipitate,  and  then 

treated  with  chloride  of  soda ;    or  the  precipitate  obtained  by  treating 

acetate  of  lead- oxide  with  a  slight  excess  of  potash  is  dissolved  in  caustic 

potash  (after  pouring  off  the  liquid),  and  the  clear  solution  mixed  with 

chloride  of  soda.     The  yellow  precipitate,  when  washed  and  dried,  yields 

a  soft,  non-crystalline,   reddish-yellow  powder.     This  powder  contains 

more  or  less  hygroscopic  water  closely  united  with  it,  and  only  to  be  got 

rid  of  by  drying  over  vitriol  with  the  aid  of  heat,  whereupon  it  gradually 

escapes.     At  a  red  heat,  the  sesquioxide  is  resolved  into  3*4685  per  cent. 

of  oxygen  gas,  and  96*5315  per  cent,  of  protoxide.     By  oxalic  acid  and 

by  formic  acid  it  is  reduced  to  the  state  of  protoxide,  with  evolution  of 

heat.     With  nitric,  sulphuric,  hydrofluosilicic  and  acetic  acids,  generally 

without  the  application  of  heat,  it  is  converted  into  peroxide  and  a  salt  of 

the  protoxide.     It  dissolves  in  cold  hydrochloric  acid,  forming  a  yellow 

liquid  from  which  it  is  again  precipitated  by  alkalis  :  the  liquid,  however, 

resolves  itself  in  a  few  minutes  into  chloride  of  lead  and  free  chlorine. 

(Winkelblech.) 

Winkelblech. 

2Pb 208       ....       89-66        89*64 

30    24       ....       10-34         10-36 


Pb«0»  232       ....     10000         10000 


D.  Peroxidb  of  Lead.    PbO\ 

Bravm  Oxide  of  Lead,  Puce  Lead,  Bleihyperoxyd,  TrUoxyde  de  Plomh. 
-Discovered  by  Kurella  and  Scheele. — Found  native  in  the  form  oi  Heavy 
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lead-ore  (SehtPtrbleierz), — Formation  and  Preparation,     1.  Solutions  of 
lead-salts  deposit  the  peroxide  in  crystalline  scales  on  tbe  positive  polar 
wire  of  the  voltaic  circuit  (1.  463).    The  deposition  of  the  peroxide  takes 
place   even   in   a  solution  containing  only   1  part  of   lead  in   12,000. 
(Fischer,  Kastn,  Arch.  16,  219.^ — 2.  By  treating  the  yellow  protoxide 
with  chlorine- water  (Vauquelin)  or  bromine-water,   or  aqueous   hypo- 
chlorous  acid. — 3.  Dilute  subacetate  of  lead-oxide  mixed  with  aqueous 
hypochlorous  acid  deposits  very  finely  divided  peroxide  of  lead.  (Pelouze.) 
•^-4.  By  heating  the  aqueous  solution  of  a  lead-salt  with  chloride  of  soda. 
To  a  boiling  solution  of  sugar-of-lead,  chloride  of  soda  is  added  as  long  aa 
any  precipitate  is  formed ;  the  solution  is  then  decanted,  and  the  chloride 
of  lead,  which  is  precipitated  at  the  same  time,  is  extracted  by  boiling 
dilute  nitric  acid.      The  peroxide  of  lead   thus  obtained  is  somewhat 
lighter  than  that  prepared  by  the  ordinary  method,  but  has  the  same 
composition,  and  contains  no  water.  (Winkelblech.) — 5.  By  fusing  lead- 
oxide  with  chlorate  of  potash.  (Qobel,  Sckw,  67,  77;  Liebig  &  Wbhler, 
Foffff.  24,  172.)     The  preparation  is  made  by  fusing  in  a  silver  or  pla- 
tinum crucible,  4  parts  oi  lead-oxide  (obtained  by  heating  white  lead) 
with  '1  part  of  chlorate  of  potash  and  8  of  nitre,  till  the  mass  becomes 
uniformly  black — an  effecfc  which  generally  takes  places  simultaneously 
with  perfect  fusion — the  residue  is  then  well  washed  with  water,  and 
treated  with  dilute  nitric  acid.     Red  lead  substituted  for  the  protoxide 
does  not  yield  any  peroxide.    (Level,  Ann.  Chim.  Phys.  75,  108.)  — 
6.  Litharge  heated  in  a  platinum  crucible  yields  peroxide  of  lead  and  an 
alloy  of  lead   and   platinum.    (Chevreul,  Ann.  Chim.    Fhys.   80,  315; 
also   Gilb.  51,    115.) — 7.    By   treating   red    lead    with   chlorine-water. 
Chlorine  gas  is  passed  into  water  in  which  red  lead  is  suspended — the  liquid 
being  frequently  agitated — as  long  as  any  absorption  takes  place;  and  the 
resulting  peroxide  is  continually  washed  with  boiling  water  to  free  it 
from  chloride. — 8.  By  treating  red  lead  with  nitric  acid,  which  extracts 
the  protoxide  of  lead.     The  red  lead  is  first  boiled  for  a  sufficient  time 
with  excess  of  dilute  nitric  acid,  and  the  resulting  peroxide  washed  with 
water. — 9.  By  fusing  red  lead  with  hydrate  of  potash.  (Becquerel,  Ann^ 
Chim,  Fhys.  51,  104.)     The  potash  certainly  extracts  protoxide  of  lead. 
Berthollet  {Stat.  Chem.  2,  377)  remarked  that  red  lead  evolves  no  oxygen 
when  fused  with  hydrate  of  potash. 

The  native  peroxide  occurs  in  six- sided  prisms  terminated  by  six- 
sided  pyramids;  specific  gravity  varying  from  9  392  to  9*448;  has  an 
iron-black  colour,  with  a  metallic,  semi-adamantine  lustre,  and  yields  a 
brown  powder.  (Breithaupt,  J.  pr.  Chem.,  10,  508.)  The  peroxide 
artificially  prepared  by  (9)  appears  in  brown  six-sided  tables,  exhibiting 
a  yellow  lustre  by  reflection;  that  prepared  by  (1)  forms  delicate  crys- 
talline scales,  generally  of  a  black  reddish-brown  colour  when  reduced 
to  powder.  Specific  gravity  of  the  artificial  peroxide  8*903  (Herapath), 
8-933  (Karsten),  9-190  (P.  Boullay). 


Flattner. 

BenetioB. 

Thomson. 

Vau- 

Native. 

queliiu 

Pb  

...     104    ....    86*67 

.......     86-2    .... 

....      oD'dA       ...1 

■  ....        DV        ..... 

...     79 

20  

16    ....     13-33 

13-8     .... 

....      1«)*4"      •..< 

20     

...     21 

PbO'  

...     120    ....  10000 

100-0     .... 

....  100-00     ... 

100     

...  100 

Decompositions.  1.  By  light  into  oxygen  gas  and  red  lead;  in  a 
similar  manner  by  gentle  beating;  by  a  stronger  heat  it  is  resolved  into 
oxygen  gas  and  fused  yellow  protoxide.— 2.  Oives  up  oxygen  to  many 
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BubttanoM,  sometimes  with  evolution  of  light  and  heat.  When  triturated 
with  one-sixth  of  its  weight  of  sulphur,  it  sets  fire  to  the  sulphur,  which 
bums  with  a  brilliant  flame,  forming  sulphide  of  lead.  (Vanquelin,  Ann, 
Chim,  Phys,  62,  221);  a  mixture  of  2  parts  peroxide  and  1  part  sulphur 
takes  fire  when  touched  with  oil  of  vitriol;  if  the  mixture  likewise 
oontains  phosphorus,  violent  explosion  takes  place  on  trituration. 
(Grindel,  S^w,  15.  478.)  With  aqueous  hjpophosphorous  acid,  it  forms 
phosphate  of  lead-oxide.  (Wartz.)  When  immersed  in  sulphurous  acid 
gas  at  ordinary  temperatures,  it  becomes  red-hot,  and  is  converted  into 
sulphate  of  lead-oxide  (A.  Vogel,  Eattn.  Arch,  4,  434);  with  aqueous 
sulphurous  acid  it  is  likewise  converted  into  sulphate  of  lead-oxide,  very 
slowly  at  ordinary  temperatures,  more  quickly  with  the  aid  of  heat. 
Hyponitrio  acid  dissolves  it,  forming  a  solution  of  nitrate  of  lead-oxide. 
With  protochloride  of  tin  it  undergoes  the  same  decomposition  as  red 
lead.  (A.  Vogel.)  In  nitrate  of  mercurous  oxide  it  dissolves  completely, 
forming  nitrate  of  mercuric  oxide  and  protoxide  of  lead.  ( Level. )~ 
When  triturated  with  an  equal  weight  of  crystallised  oxalic  acid,  it  is 
decomposed  without  ignition,  yielding  vapour  of  water,  carbonic  acid 
gas,  and  carbonate  of  lead-oxide.  It  becomes  incandescent  when  tritu* 
rated  with  one-eighth  of  its  weight  of  racemio  acid,  tannin,  or  common 
sugar,  or  with  one-sixth  of  tartaric  acid,  gallic  acid,  grape-sugar,  or 
manna-sugar,  f  Bottger.)  According  to  A.  Vogel,  it  is  likewise  con- 
verted into  lead-oxide  by  heating  with  oil  of  turpentine  or  solution  of 
sugar. — 9.  Bv  heated  oil  of  vitriol  it  is  converted  into  oxvgen  gas  and 
sulphate  of  lead-oxide.-^.  By  aqueous  hypochlorous  acid  mto  oxygen 
gas  (with  a  small  quantity  of  chlorine)  and  chloride  of  lead.  (Balard.) 
— 5.  By  aqueous  hydriodio,  hvdrobromic,  hydrochloric  or  hydrocyanic 
aoid,  into  water,  iodide,  bromide,  chloride  or  cyanide  of  lead,  and  free 
iodine,  bromine,  chlorine,  or  cyanogen;  e,  g, 

Pb02  +  2HCI  =  PbQ  +  2H0  +  d. 

Combinations. — Peroxide  of  lead  combines  with  many  salifiable  bases 
forming  compounds  in  which  it  plays  the  part  of  an  acid,  and  which  may 
therefore  be  called  Salts  of  Plumbic  A  cid,  or  Plumbates,  These  compounds 
are  formed  by  igniting  the  peroxide  with  salifiable  bases.  (Vid.  Plumhate 
of  Potash,)  In  accordance  with  this  nomenclature,  red  lead  may  be 
called  Plumhate  of  Lf ad-oxide.  (Fremy,  Compt.  rend.  15, 1109;  also  N. 
J.  Pharm,  3,  30.) 

Lead  and  Carbon. 

A.  Carbide  of  Lead  f — a.  By  igniting  tartrate  or  acetate  of  lead-oxide 
in  a  close  vessel,  a  carbonaceous  substance  is  obtained  which  takes  fire 
in  the  air  and  leaves  protoxide  of  lead.  (Proust.) — 6.  Cyanide  of  lead,  or 
a  finely  divided  mixture  of  charcoal  and  lead-oxide,  yields  on  ignition  a 
black  powder,  which  takes  fire  in  the  air  when  heated,  yielding  globules 
of  metallic  lead.  (Berzelius.) — c.  head  ignited  with  charcoal  volatilizes 
and  sublimes  as  a  carbide  in  black  spangles,  having  the  metallic  lustre. 
(John,  Berl.  Jahrb.  1820,  320.) 

B.  Carbonate  op  Lead-oxide,  or  Lead  Carbonate. — Carbonate  of 
Lead. — ^Litharge  slowly  absorbs  carbonic  acid  from  the  air. — a.  Dicar- 
bonate.-^FoTmed  in  the  hydrated  state  by  continued  exposure  of  lead 
immersed  in  water  to  the  open  air.  (DelavUle,  N,  Qehl,  2, 682;  Beequerel, 
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Anh:Ckim.  Phyi.  54, 146;  Yorke,  PhU.  Mag.  J.  5,  82;  Bonadoftf;  Pogg. 
40,  207.)  If  a  piece  of  lead  be  left  to  tarnish  in  damp  air,  then  Boraped 
clean  on  one  part,  and  covered  with  a  layer  of  water  0  inches  deep,  the  salt 
is  deposited  on  the  bright  part  of  the  metal  in  the  form  of  an  arboresoence 
consisting  of  crystalline  scales.  This  compound  may  also  be  formed  by 
keeping  lead-oxide  for  a  long  time  under  water  in  a  vessel  exposed  to  the 
air;  it  then  swells  up,  and  is  converted  into  white  flakes,  easily  separated 
by  washing  from  the  unaltered  oxide.  (Bonsdorff,  Fogg,  40,  207.)  Lead 
immersed  in  water  containing  y^  pt.  of  potash  becomes  covered  with  a 
crust  of  carbonate,  (A.  Vogel.)  Finely  granulated  lead  constantly 
stirred  about  in  an  aqueous  solution  of  carbonate  of  potash  exposed  to 
the  air,  forms  carbonate  of  lead-oxide,  which  may  be  remoTed  from  time 
to  time  by  levigation.  (Prechtl,  J,  pr.  Ckem.  2,  164.)  The  salt  thim 
obtained  is  probably  pure  dicarbonate,  unmixed  with  ordinary  white 
lead.  Possibly  also  the  so-called  white  lead  which  Gannal  and  \  ersepuy 
{Compt,  rend,  16,  1327)  obtained  by  agitating  finely  divided  lead  with 
water,  consisted  of  this  salt.  The  dicarbonate  when  used  as  a  pigment 
has  not  the  coating  power  of  white  lead.  (Bonsdorflf.)  After  exposure 
to  the  air  for  some  time,  it  effervesces  more  strongly  with  acids  thaq 
before.     Wat^r  dissolves  but  a  trace  of  it.  (Yorke.) 


2PbO 
CO»  .. 
HO  , 


224     .... 

87-85 

22     .... 

8-62 

tf    ••.* 

3-53 

BonBdorff. 

Yorke. 

86-51       .... 

89-00 

9'v3       ,.,• 

7-66 

3-55      .... 

2-83 

2PbO,CO«  +  Aq 255     ....  100-00        9999      ....      9949 

5.  SesquQxuic  Oarbonate,*^Whiie  lead  generally  consists  of  this  salt 
in  the  hydrated  state.  It  is  precipitated  by  carbonic  acid  from  a  solution 
of  the  acetate.— 1.  New  Mode  of  Preparation  :  Carbonic  acid  gas  passed 
through  a  solution  of  basic  acetate  of  lead-oxide  takes  up  a  portion  of  the 
oxide,  and  is  precipitated  with  it  in  the  form  of  white  lead.  The  gas 
obtained  by  burning  charcoal  in  a  stream  of  air,  or  that  which  issues 
from  apertures  on  the  hill-side,  as  at  Brohl,  may  be  used  for  this  pur- 
pose. When  carbonic  acid  gas  is  passed  in  five  separate  portions  through 
bojaic  lead-aoetate  till  the  liquid  becomes  neutral,  each  of  the  five  preci- 
pitates is  found  to  consist  of  2(PbO,GO^)  +  PbO,HO.  (Hochstetter.) 
a.  French  Method :  proposed  by  Th^nard,  carried  out  by  Roard.  Dis- 
tilled vinegar  or  a  solution  of  sugar-of-lead  is  saturated  with  litharge- 
carbonic  acid  gas  passed  through  it — the  liquid  poured  off  from  the  pre- 
cipitated white  lead,  and  again  saturated  with  litharge — carbonic  acid  gas 
again  passed  through  it,*— and  so  on. — 6.  English  Method :  introduced  by 
Benson.  100  parts  of  finely  ground  litharge  are  stirred  up  to  the  con- 
sistence of  paste  with  the  aqueous  solution  of  1  part  of  sugar-of-lead — 
the  mixture  introduced  into  a  wooden  receiver  of  peculiar  construction — 
and  there  kept  in  constant  agitation  by  means  of  grooved  cylinders,  at  the 
same  time  that  it  is  brought  in  contact  with  carbonic  acid  gas,  generated 
by  the  combustion  of  coke,  and  cooled  by  passing  through  tubes  immersed 
in  water.  When  the  paste,  after  a  few  days,  ceases  to  absorb  carbonic 
acid,  it  is  ground  with  an  additional  quantity  of  water  between  mill- 
stones, and  then  levigated  with  water.  The  water  dissolves  out  any  ace- 
tate of  copper  or  iron  that  may  be  present  {Comp.  Schabarth,  J,pr.  Chem. 
24,  328.)  Since  lead-oxide  by  itself  absorbs  carbonic  acid  venr  slowly 
.[and  forms  only  the  bibasio  carbonate],  tbe  100  parte  of  leadroxide  must 
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be  gradually  dissolved  by  the  1  part  of  sugar-of-lead  and  conrerted  into 
basic  acetate,  and  then  precipitated  from  the  solution  by  combining  with 
carbonic  acid.  (Pelouze.) 

2.  Older  Method  of  Freparation. — By  exposing  plates  of  lead  to  the 
vapours  of  acetic  acid,  and  at  the  same  time  to  air  loaded  with  carbonic 
acid.  The  predisposing  affinity  of  the  acetic  acid  for  the  lead-oxide 
induces  the  formation  of  that  compound  at  the  expense  of  the  air ;  the 
carbonic  acid  precipitates  a  portion  of  the  lead-oxide  from  the  basic  ace- 
tate in  the  form  of  white  lead ;  the  acetic  acid,  robbed  of  the  greater 
portion  of  its  oxide,  then  acts  upon  fresh  portions  of  lead,  &c.  &c.  That 
the  acetic  acid,  in  this  reaction,  does  not  furnish  the  carbonic  acid  by  any 
accidental  decomposition,  but  that  the  latter  must  be  introduced  from 
some  other  source,  and  that  the  oxygen  of  the  air  is  necessary  for  the 
oxidation  of  the  lead,  is  shown  by  the  following  facts  :  Lead  exposed  to 
the  vapours  of  acetic  acid  in  air  which  is  free  from  carbonic  acid,  yields 
nothing  but  acetate  of  lead.  (Hochstetter.)  A  lead  plate  suspended 
within  a  vessel  filled  with  oxygen  and  carbonic  acid  gas,  and  having  a 
layer  of  acetic  acid  at  bottom,  produces  a  quantity  of  white  lead,  the 
oxygen  and  carbonic  acid  contained  in  which  correspond  to  the  quantities 
of  those  gases  which  disappear,  but  the  acetic  acid  sufiers  scarcely  any 
diminution.  (Pelouze,  Ann,  Chim,  Phys.  79,  112;  also  t/.  pr.  Chem.  25, 
486.)  Lead  moistened  with  acetic  acid,  and  exposed  to  carbonic  acid 
gas  free  from  air,  at  a  temperature  between  30°  and  40'',  undergoes  no 
alteration  in  the  course  of  24  hours  \  but  if  air  be  admitted,  the  metal 
becomes  coated  with  white  lead  in  the  course  of  six  hours.  (Hochstetter, 
J,  pr.  Chem,  26,  338.)  In  the  Dutch  method  of  preparation,  weak  beer- 
vinegar  is  used  containing  only  1^  per  cent,  of  acetic  acid,  and  a  consi- 
derable quantity  of  acetic  acid  is  found  in  the  resulting  white  lead ; 
hence  the  large  quantity  of  carbonic  acid  contained  in  the  white  lead 
cannot  be  derived  from  the  acetic  acid.  Formic  acid  in  the  place  of 
acetic  acid  yields  no  white  lead,  because  it  does  not  form  with  lead-oxide 
a  basic  salt  which  can  be  decomposed  by  carbonic  acid.  (Pelouze.) 
a.  Dutch  Method :  Earthen  pots  glazed  inside,  8  inches  high,  and  some- 
what wider  at  top  than  at  bottom,  are  filled  to  one-fourth  of  their  depth 
with  beer-vinegar  :  at  one-third  of  their  height  from  the  bottom  are  three 
projecting  points,  on  which  a  cross  piece  of  wood  is  laid ;  on  this  are 
placed,  in  a  vertical  position,  a  number  of  leaden  plates  rolled  np  in 
voluminous  spirals;  and  the  whole  is  covered  with  a  leaden  plate.  The 
pots  are  placed  in  rows  upon  horse-dung  under  a  shed,  and  covered  with 
boards,  on  which  is  laid  another  stratum  of  horse-dung;  on  this  again  is 
placed  another  row  of  pots, — and  so  on,  till  six  rows  are  formed  one  above 
the  other.  The  dung,  by  its  slow  decomposition,  evolves  heat,  which 
favours  the  evaporation  of  the  vinegar,  and  likewise  gives  off  carbonic 
acid,  whereby  the  lead-oxide  is  separated  from  the  acetic  acid.  Circula- 
tion of  air  is  essential  to  this  process.  In  the  course  of  4  or  5  weeks, 
the  greater  part  or  the  whole  of  the  lead  is  converted  into  white  lead,  the 
change  taking  place  from  without  inwards.  The  white  lead  is  then 
detached — ground  to  a  semi-fluid  consistence  while  still  moist — freed 
from  adhering  acetate  by  washing — and  dried  in  small  round  pots  having 
the  form  of  truncated  cones.  Unwashed  white  lead  still  contains  a  large 
quantity  of  neutral  acetate  (Pelouze);  according  to  Hochstetter,  it  con- 
tains from  2  to  12  per  cent. — b,  German  Method :  Plates  of  lead  are 
suspended  within  wooden  boxes  placed  in  heated  chambers,  and  containing 
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a  stTfttiiiii  of  acetic  acid;  or  tbe  plates  are  suspended  in  healed  chamberffi* 
having  their  floors  covered  with  tan  and  acetic  acid. 

When  basic  acetate  of  lead-oxide  is  precipitated  by  a  very  slight 
excess  of  carbonate  of  soda,  the  precipitate  likewise  consists  of  2(PbO. 
C0»)  +  PbO,HO.     (Hochstetter.) 

White  lead  forms  a  white^  earthy,  dense  and  heavy  mass,  which 
possesses  greater  coating  power  than  any  other  white  pigment.  By 
whichever  of  the  preceding  methods  it  is  prepared,  it  is  found,  when 
diffused  through  water  and  examined  by  the  microscope,  to  consist  of 
non-crystalline,  transparent,  round  and  oval  globules  of  the  size  of  0*00001 , 
or  rarely  from  0*00003  to  0*00004  of  an  inch;  the  new  method  yields 
globules  somewhat  larger  and  more  transparent  than  those  obtained  by 
the  older  process.  (Hochstetter.) 

1,  a«  M  is  white  lead  prepared  in  the  Magdeburg  ^Eictory,  by  the 
newer  French  method. — 1,  a.  Hoch.  is  that  prepared  in  the  same  manner 
on  the  small  scale  by  Hochstetter. — 2,  a.  HolL  is  white  lead  from  the 
Dutch  factories^  and  prepared  by  the  Dutch  process.  —2,  a,  Hocfi.  is  white 
lead  prepared  by  Hochstetter  himself,  according  to  the  Dutch  process. 
2,  6.  Kr,  is  Krerruer  white  (which  contains  more  or  less  of  a  blue  colour, 

Jrobably  indigo,  and  therefore  yields  a  few  metallic  globules  when  ignited.) 
Mulder). — 2,  6.  Of,  is  white  lead  from  Offenbach. — EngL  is  English 
white  lead  Tmode  of  preparation  not  given). — ffarz.  is  white  lead  from  a 
husioTj  in  tne  Harz  (mode  of  preparation  not  given). — StrcU,  is  white 
lead  prepared  in  a  particular  manner  by  Stratingh,  containing  less  hydrated 
oxide  than  the  ordinary  product,  and  consequently  remaining  white  in 
the  dark  when  mixed  with  poppy  oil. — Saturated,  is  Dutch  white  lead, 
suspended  in  water  and  exposed  for  some  time  to  a  stream  of  carbonic 
acid  gajs. 

Hochstetter.  Mulder* 

1,  a.  M.      1,  a.  Hoeh.    2,  b.  Kr.     2,  a,  Holl,     2,  b,  Kr. 

3PbO  336  ....  86-38  ....  85-87  ....  86-20  ....  86-55  ....  86*59  ....  86-31 
2C0a  44  ....  11-31  ....  11-77  ....  11-45  ....  11-27  ....  1171  ....  11*35 
HO  9  ....       2-31     ....       2-14     ....       2*44     ....       2*21     ....       211     ....       216 

389  ....  100-00    ....     99-78    ....  100*09     ....  100-03     ....  100*41     ....     99*82 

Link.  Hochstetter.  Mulder. 

2,  b,  Kr.       2,  b.  Off-  Harz.  Engl.         2,  a.  HolL  Strat, 

PbO ....                  ....  86*42  ....  86-16  ....     85*96     ....  86*24 

C0«  11-29     ....     11-28     ....  11*51  ....  11-91  ....     1193     ....  1235 

HO  2-23     ....       2-21     ....  2-23  ....  1*93  ....       1-93     ....  177 

100-16  ....  100-00  ....  99-82  ....  100*36 

Bette.  Malder.  Hochstetter. 

•^ . 

2,  b,  Kr.     Maturated.     2,  a.  Hoch.     2,  b,  Kr, 

PbO 85-25     ....     84-83     ....     8421     ....     83*97 

CO" 12-65     ....     1504     ....     14-73     ....     1503 

HO ....       0*59     ....       1-01     ....       0-84 

100-46     ....     99-95     ....     99-84 

Mulder  {Ann.  Pharm.  33,  242;  also  J.  pr.  Chem.  19,  70)  dried  the  white 
lead  at  130°  before  analyzing  it,  whereby  it  lost  from  0*23  to  0*34  per 
cent,  of  hygroscopic  water.  Hochstetter  {J.  pr.  Chem.  26,  338)  and 
Link  {Ann.  Pharm.  46,  232),  and  probably  also  Bette  {Ann.  Pharm^ 
83,  251),  analayzed  white  lead  dried  at  100'. — Hochstetter  found  in  the 


129  LBAD, 

yarieties  of  white  lead  which  he  examined,  a  small  qoantity  of  acetate  of 
lead-oxide^  which  was  completely  extracted  by  boiling  water,  and  which  he 
regarded  as  the  neutral  acetate  (sagar-of-Iead).  The  proportion  of 
acetic  acid  amounted  to  0*56  per  cent,  in  1,  a.  M;  to  0*52  in  2, 6*  Kr,  upper 
series;  to  0'34  in  the  Harz  specimen,  and  to  0*70  per  cent,  in  2,  6.  Kr, 
lower  series. — Mulder  found  in  Stratingh's  white  lead:  lead-oxide  ^5*74; 
carbonic  acid  12-22;  combined  water  1*75;  hygroscopic  water  0*55;  and 
acetic  acid  0 '12  (excess  0  38).  In  the  analyses  given  in  the  preceding 
tablC)  the  hygroscopic  water  is  deducted  together  with  the  acetic  acid, 
and  as  mucn  lead-oxide  as  the  latter  requires  to  form  neutral  acetate. 
From  other  kinds  of  white-lead,  Mulder  could  not  extract  any  acetic  acid 
by  boiling  with  milk-of-lime, — the  only  substance  thereby  extracted 
being  a  trace  of  chloride  of  calcium,  proceeding  from  chloride  of  lead 
contained  in  the  white  lead,  and  probably  produced  by  impurities  in  the 
water  used  in  preparing  it.  Link,  also,  on  distilling  Kremser-white  with 
sulphuric  acid,  obtained  not  a  trace  of  acetic  acid. — Mulder,  on  dissolving 
white  lead  in  cold  and  rery  dilute  acetic  acid,  found  that  Dutch  white 
lead  left  small  quantities  of  lead,  sulphide  of  lead,  sulphate  of  lead-oxide, 
and  chloride  of  lead — Kremser-white  and  English  white  lead,  small  quan- 
tities— ^and  Stratingh's  white  lead,  traces  of  sulphate  of  lead-oxide  and 
chloride  of  lead. — [For  the  analyses  of  Pfaff  and  Bischoff,  yid.  Schw.  53, 
119;  J.pr.  Ckem.7,  172.] 

From  the  analyses  just  given,  it  may  be  concluded  that  white  lead  is 
composed  of  2(PbO,CO*)-|-PbO,HO,  but  that  this  compound— especially 
if  the  action  of  the  carbonic  acid  be  long  continued — may  be  mixed  more 
or  less  with  monocarbonate,  PbO,CO^  whereby  its  value  is  increased. 
The  smaller  the  quantity  of  hydrate  that  it  contains,  the  better  does  it 
spread,  and  the  less  is  it  liable  to  turn  brown; — e.  </.  that  of  Stratingh.-— 
Probably,  therefore,  pure  monocarbonate  of  lead-oxide,  e.  g.  that  prepared 
by  precipitating  a  lead-salt  with  carbonate  of  potash,  might  be  the  best 
adapted  for  a  pigment. 

Ordinary  tokits  lead  is  mixed  with  considerable  quantities  of  heavy 
spar,  ffypsum  or  chalk.  Heavy  spar  and  gypsum,  likewise  any  sulphate 
of  lead  that  may  be  accidentally  present,  are  left  behind  when  the  white 
lead  is  dissolved  in  dilute  acetic  or  nitric  acid.  When  white  lead  con- 
taining chalk  is  treated  with  hydrochloric  acid,  the  filtrate  evaporated, 
and  the  residue  digested  in  alcohol,  a  solution  of  chloride  of  calcium 
is  obtained.  Pure  white  lead  dissolves  completely  in  boiling  dilute 
potash-ley;  concentrated  solution  of  potash,  according  to  Bottger^  con- 
verts it  into  anhydrous  lead<oxide. 

c.  Monocarbonate. — Found  native  in  the  form  of  Lead-spar  or  WTiUe 
lead-ore.  Sometimes  it  exhibits  the  form  of  the  sulphide  or  sulphate 
from  which  it  has  been  formed.  Obtained  by  precipitating  a  normal 
lead-salt  with  an  alkaline  carbonate  in  excess.  Berzelius  {Pogg.  47, 199) 
precipitates  nitrate  of  lead-oxide  with  carbonate  of  ammonia;  if  carbonate 
of  soda  be  used  as  the  precipitant,  and  the  precipitate  boiled  with  the 
liquid,  the  carbonate  of  lead- oxide  (according  to.  the  same  authority)  car- 
ries down  with  it  a  small  quantity  of  carbonate  of  soda.  Bette  precipitates 
6ugar-of-lead  with  carbonate  of  ammonia;  Mulder  with  carbonate  of 
potash. — %  According  to  Lefort  {N.  J.  Pharm,  15,  26),  the  precipitate 
thrown  down  by  alkaline  carbonates  from  a  hot  solution  of  lead  consists 
of  3PbO,2CO,'HO;  the  neutral  carbonate  PbO,00'  is  obtained  only  by 
precipitating  in  the  cold.  IT 
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The  native  componnd  belongs  to  the  right  prismatic  system;  Fig. 
155,  56,  and  other  forms.    tt:tt^=e2*>  56';  «:<=122°  28';  «:w=143°33'; 
i:<=144®  44'.     Cleavage  parallel  to  u.  (Hauy.)     Specific  gravity  6-465. 
(Mohs.)     Harder  than  calospar.     Colourless,  transparent,  with  an  ada- 
mantine lustre.     Decrepitates  when  heated.     The  artificially  prepared 
salt  is  a  white  powder,  whose  density,  according  to  Karsten,  is  6*4277. — 
Catbonate  of  lead-oxide  gives  off  carbonic  acid  when  ignited;  dissolves 
very  sparingly  in  cold  water,  to  a  greater  extent  in  water  containing  sal- 
ammoniac,  especially  on  the  application  of  heat.     IT  According  to  Frese- 
nius  {Ann,  Fharm.  59,  124),  1  part  of  the  salt  dissolves  in  50551  parts  of 
pure  water  of  medium  temperature;  in  23450  parts  of  water  containing  a 
small  quantity  of  acetate  of  ammonia^  together  with  carbonate  of  am- 
monia and  free  ammonia;  and  in  a  somewhat  smaller  quantity  of  water 
containing  a  large  quantity  of  nitrate  of  ammonia  together  with  carbonate 
of  ammonia  and  free  ammonia.  IT — It  combines  with  chloride  of  lead. 


PbO 112 

CO* 22 


83-58 
16-42 


Klaproth.     Bergmann.     Berzeliat.  Bette. 

native.  native.         urt\fic%aL 

83-67     ....     83-51     ....     8346     ....  83-49 

16-33     ....     16-49     ....     16-54     ....  16-00 


PbO,CO»....     134 


100-00 


10000 


10000    ....  10000 


99*49 


PbO 
CO«. 


Malder. 
83-59 
16*34 


Chevreul. 
83*64 
16*30 


.... 
.... 


Proust. 
83*85 
1615 


99-93 


100-00 


10000 


Leadrearih  is  earthy  monocarbonate  of  lead-oxide. — Z%nc4ead-spar 
contains  7  per  cent,  of  zinc-carbonate  united  with  the  lead-carbonate. 
(Karsten,  Schto.  65,  365.) 

d.  Five-fourths  Carbonate  9 — Mononitrate  or  acetate  of  lead -oxide 
mixed  with  sesquicarbonate  of  soda,  yields,  without  sensible  evolution  of 
carbonic  acid,  a  white,  heavy  precipitate,  which,  when  washed  and  dried 
in  the  air,  resembles  white  lead  and  contains  80  per  cent,  of  lead-oxide 
and  20  of  carbonic  acid. 

e.  Acid  Carbonate. — Carbonate  of  lead- oxide  is  very  slightly  soluble 
in  water  containing  carbonic  acid.     A  solution  of  lead -oxide  in  water  is 
rendered  turbid  by  a  small  quantity  of  carbonic  acid,  but  regains  its 
transparency  when  treated  with  a  larger  quantity.  (Wetslar.^      Lead 
covered  witn  aqueous  solution  of  carbonic  acid,  in  a  vessel  containing  air, 
begins  to  tarnish  on  the  second  day,  and  the  liquid,  which  remains  trans- 
parent, acquires  a  strong  brown  colour  when  treated  with  sulphuretted 
hydrogen,  and  yields  a  small  white  precipitate  on  boiling.     But  traces  of 
various  salts  in  the  carbonic  acid  water  prevent  the  solution  of  the  lead. 
(TUnnermann.) — The  solution  of  lead-oxide  in  water  is  rendered  turbid 
by  a  small  quantity  of  carbonic  acid,  but  regains  its  clearness  almost 
entirely  under  the  influence  of  a  larger  quantity.     The  mixture  reddens 
litmus  and  becomes  turbid  when  heated  or  when  mixed  with  carbonate  of 
soda.  (Wetzlar.) — White  lead  precipitated  by  carbonic  acid  from  basic 
lead-acetate  dissolves  in  carbonic  acid  water;  the  solution  contains  be- 
tween Yinnr  and  yinnr  ^^  oxide,  is  rendered  turbid  by  monocarbonate  and 
bicarbonate  of  potash,  and  coloured  brown  by  sulphuretted  hydrogen. 
(Yorke.)     According  to  Fr.  John  (Ann.  Fharm.  28,  117),  carl>onat6  of 
lead- oxide  is  not  soluble  in  carbonic  acid  water. 


128:  lead; 


Lead  and  Boron. 


Borate  of  Lead-oxide,  or  Lead-borate. — a.  By  Fusion. — «.  112 
parts  of  lead-oxide  fused  with  24  parts  of  boracic  acid  form  a  very  soft 
yellow  glass,  which  has  a  density  of  6 '4,  softens  even  on  immersion  in 
boilinjv  oil,  is  a  perfect  insnlator,  and  tarnishes  in  hydrosulphuric  acid 
gas  from  formation  of  lead-salphide. — ff.  With  48  parts  of  boracio  acid, 
the  glass  has  less  colour  and  greater  hardness. — y.  With  72  parts  of 
boracic  acid,  the  glass  is  nearly  colourless  and  as  hard  as  flint  glass,  but 
has  a  greater  refracting  power,  (Faraday,  Pof/g,  18,  561.) 

(.  By  Precipitation,  An  aqueous  solution  of  borax  added  to  a  lead- 
salt  throws  down  white  flakes,  which  may  be  fused  to  a  transparent  glass; 
they  arc  slightly  soluble  in  pure  water,  but  insoluble  in  water  containing 
a  soda-salt;  hence  borax  in  excess  throws  down  the  whole  of  the  lead 
from  lead-salts.  (Soubeiran.)  The  salt  precipitated  by  borax  is  PbO,2BO', 
and  the  same  proportion  holds  good  in  precipitation  by  quadroborate  of 
ammonia,  because,  in  that  case,  boracic  acid  remains  iu  the  liquid  in  com- 
bination with  a  very  small  quantity  of  lead-oxide.  (Soubeiran,  J.  Pharm, 
11,  31.)  According  to  Tiinnermann  {Kcutn.  Arch.  20,  8),  borax  added  in 
excess  to  nitrate  of  lead-oxide,  either  at  ordinary  temperatures  or  at  a 
boiling  heat,  throws  down  a  salt  containing  70*99  p.  c.  lead-oxide  to 
29*01  boracic  acid.  If  the  solution  of  borax  is  previously  mixed  with  a 
quantity  of  boracic  acid  sufficient  to  give  it  a  slightly  acid  reaction,  a 
bulky  white  precipitate  is  thrown  down  containing  55*18  lead-oxide  to 
44*82  boracic  acid. 


Lead  and  Phosphorus. 

A.  Phosphide  of  Lead. — a.  When  phosphorus  is  thrown  upon  melted 
lead,  or  when  lead-filings  are  ignited  with  an  equal  weight  of  glacial 
phosphoric  acid,  or  chloride  of  lead  with  phosphorus,  a  compound  is 
lormed  containing  not  more  than  15  per  cent,  of  phosphorus:  it  has  the 
colour  of  lead;  may  be  cut  with  a  knife,  but  splits  into  laminsB  when 
hammered;  tarnishes  quickly  when  exposed  to  the  air;  and,  when  heated 
before  the  blowpipe,  yields  a  phosphorus-flame  and  a  globule  of  lead. 
(Pelletier,  Ann.  Chim.  13,  114.) — h.  Phosphnretted  hydrogen  gas  passed 
for  two  hours  through  a  solution  of  sugar-of-lead,  yields  a  brown  preci- 
pitate, which  burns  before  the  blowpipe  with  a  small  phosphorus-flame, 
forming  beautifully  crystallized  lead-phosphate.  (H.  Kose,  Pogg,  24^ 
326.) 

B.  Hypophosphite  op  Lead-oxide,  or  Lead-htpophosphite.  — 
1.  Lead-oxide  in  excess  yields  with  cold  aqueous  hypophosphorous  acid  a 
solution  which  exhibits  an  alkaline  reaction,  and,  when  neutralized  with 
hypophosphorous  acid,  deposits  the  monobasic  salt  in  crystalline  laminao 
having  a  feebly  acid  reaction.  When  the  acid  is  heated  with  excess  of 
oxide,  lead  is  reduced  and  phosphate  of  lead-oxide  formed.  (H.  Rose, 
Pogg,  12,  288). — 2.  By  digesting  recently  precipitated  carbonate  of  lead- 
oxide  with  aqueous  hypophosphorous  a<;id,  and  then  filtering  and  eva- 
porating, small,  slightly  rhombic  prisms  with  dihedral  summits  are 
obtained,  which  redden  litmus  and  give  off  no  water  at  100^  (Wnrtz, 
Ann,  Pharm.  43,  227.) 


LBAD-PHOSPHITB.  129 

CrywtaUixid.  Worts. 

PbO 112-0    ....      66-12      ^      66-05 

PO  39-4     ....       23-25       2315 

2HO    18-0    ....       10-63      10-80 

PbO,PO  +  2Aq. 169-4    ....     10000      100-00 

When  heated  to  redness  in  a  retort,  it  gives  off  spontaneously  in- 
fUimmable  phosphnretted  hydrofi^en^  and  leares  phosphate  of  lead-oxide 
mixed  with  a  yeiy  small  qoantitj  of  phosphoric  oxide.  Dissolves  with 
difficulty  in  cold  water^  more  easily  in  hot  water^  but  not  in  alcohol, 
which,  on  the  contrary,  precipitates  it  from  the  aqueous  solution  in  pearly 
scales.  The  aqueous  solution  is  not  decomposed  by  boiling.  Ammonia 
in  excess  throws  down  from  it  a  powder  containing  91 '29  per  cent,  of 
lead-oxide,  1*57  acid,  and  7*14  water;  when  the  liquid  filtered  from  this 
precipitate  is  boiled,  it  deposits  flakes  which,  after  drying,  contain  86*83 
oxide,  4t'5%  acid,  and  8*79  water;  the  liquid  still  retains  lead-oxide  in 
solution.  ^H.  Rose.) 

The  alxaline  liquid  obtained  by  saturating  aqueous  hypophosphorous 
acid  with  lead-oxide,  if  kept  cold  »>r  a  long  time  in  a  stoppered  bottle^ 
deposits  a  sandy  powder,  and  acquires  thereby  the  power  of  reddening 
litmus;  because  the  salt  which  remains  in  solution  is  monobasic.  (H.  Rose.) 
— ^Wurtz  did  not  succeed  in  preparing  a  basic  salt;  the  alkaline  hypo- 
phosphites  do  not  precipitate  basic  lead-acetate;  but  the  mixture  becomes 
turbid  even  in  the  cold,  and  more  quickly  when  heated,  giving  off  pure 
hydrogen  gas  and  depositing  phosphite  of  lead-oxide,  which  is  likewise 
the  sandy  powder  observed  by  H.  Rose. — A  peculiar  compound  belonging 
to  this  head  was  obtained  by  Grotthuss.  {Phys,  chem.  Forschungen,  l, 
106.) 

C.  Phosphite  of  Lead-ozidb,  or  Lead  Phosphite. — a.  Quadrobasie, 
-—Formed  by  digesting  recently  precipitated  diphosphite  of  lead-oxide 
with  aqueous  ammonia  in  a  closed  vessel  for  several  weeks,  and  then 
washing  with  alcohol.  The  filtrate  is  free  from  oxide  of  lead.  The  salt 
when  heated  to  redness  in  a  retort,  turns  black  and  yields  hydrogen  gas 
free  from  phosphorus,  and  a  residue  which  in  100  parts  contains  87*03 
oxide  and  12*97  phosphoric  acid.  100  parts  of  the  salt  evaporated  with 
nitric  acid  and  then  heated  to  redness,  leave  99*92  parts  of  lead-phosphate 
containing  85*80  parts  of  oxide.  (H.  Rose,  Fogg,  9,  222.) 

H.  Roee. 

4PbO 448-0      ....      85-92        85*81 

P0»    55-4       ....       10*63         10-95 

2HO  18-0       ....         3-45         3-24 

4PbO,PO>  +  2Aq.       521*4       ....     10000        ZZ       lOO'OO 

h.  Bib<t8ie, — To  prepare  this  salt,  terchlorlde  of  phosphorus  dissolved 
in  a  large  quantity  of  water  is  neutralized  almost  completely  with 
ammonia;  a  hot  aqueous  solution  of  lead-chloride  added  to  the  liquid,  the 
bulky  precipitate  nreed  from  adhering  lead-chloride  by  continued  washing 
with  boiling  water;  then  pressed  to  remove  the  greater  quantity  of  the 
liquid,  and  dried  in  vacuo  over  oil  of  vitriol. — White  powder.  (Berzelius.) 
Even  if  the  washing  be  continued  till  the  wash- water  no  longer  gives  a 
turbidity  with  solution  of  silver,  the  precipitate  still  retains  a  portion  of 
lead-chloride;  hence  a  better  mode  of  preparation  is  to  precipitate  acetate 
of  lead-oxide  with  phosphite  of  ammonia.  (H.  Rose,  Fogg,  9,  42.) 

VOL.  y.  K 
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PO» 

.,      224-0 

55-4 

90 

•••• 
•••• 

77-67 

19-21 

3-12 

•••••••• 

•••••••• 

77-69 
19-16 

HO     

8-15 

2PbO,PO»  +  Aq ^88-4       ....     lOO'OO l4)0-4» 

The  salt,  when  heated  in  a  retort,  tarns  black,  gives  off  hydrogen  gas 
together  with  a  Urge  /^nantity  of  non- spontaneously  inflammable  phos- 
phnretted  hydrogen,  and  afterwiirds  yi^ds  pare  hydrogen  gas  together 
with  a  tolerably  large  quantity  of  sublimed  phosphorus — ^more  than  any 
other  phosphite — and  leaves  a  blackish  re8i<uie.  Since  the  salt  prepared 
with  chloride  of  lead  likewise  yields  this  blackish  residue,  the  blackening 
probably  arises,  not  from  the  acetic  acid  of  the  lead-acetate,  but  from  the 
phosphorus j  hence  on  dissolving  in  nitric  acid,  the  black  matter  whidi 
separates  at  first  is  gradually  dissolved.  The  blackish  residue  contains 
79  01  per  cent.  (5  At.)  lead-oxide  and  2099  per  cent,  (not  quite  2  At.) 
phosphoric  acid.     Therefore : 

5(2PbO,PO>-hHO)  a  10PbO,4PO*-hP-hftH. 

(H.  Bmo,  ^00^'  9,  221.) — Tha  salt  evolves  salphiuoos  aeid  from  h^tAai 
oil  of  vitrioL  (Wurts.)  When  heated  with  nitjrio  acid,  it  yields  diphof- 
phaie  of  lead-oxide,  wiiaseae  cold  nitric  aoid  dissolves  it  without  alteration. 
(Berxelia*,  Ann.  Clum.  Fkyt.  2,  %29.) — It  dissolves  venr  sparingly  in 
warm  jphoq>horous  acid,  aud  is  precipitated  from  the  flofatioin  in  wt^ta 
flakes  hj  anuBonia.  (Worta.) 

D.  Obdutaet  Pbosfhatb  of  LsiJ^-oxiDS,  or  h^^sh^BSMsukn.  -^ 

a.  Terbcuic,  1.  By  digesting  b  with  aqueous  ammonia. — 2.  By  precipi* 
tating  neutral  acetate  of  leiM-oxide  with  diphosphate  of  soda,  whereby 
acetic  acid  is  set  free.  White;  less  fusible  than  6.  When  heated  on 
charcoal  before  the  blowpipe,  it  is  reduced  to  b,  while  the  third  atom  of 
lead-oxide  is  reduced.  (Berzelias,  Mitscheriidi^  Heints.) 

8PbO 336-0      ....      8g-4;        82-5?  ' 

cPQ»  714       ....       17-53        17-48 

3PbO,cPO*    407-4      ....     lOO'OO        100-00 

b.  BUxuic,  Formed  by  double  decomposition. — The  best  mode  of 
obtaining  it  pure  is  to  mix  diphosphate  of  soda  with  a  hot  aqueous 
solution  of  ohloride  of  lead.  (Berzelius.)  The  alkaline  diphosphate  must 
be  added  drop  by  drop  to  the  lead-salt,  so  that  the  latter  may  remain  in 
excess:  in  the  contrary  case,  a  monophosphate  of  the  alkali  is  formed  and 
triphosphate  of  lead-oxide  is  precipitated.  (Mitscherlich.)  The  salt  is 
obtained  in  an  impure  state  by  mixine;  acetate  or  nitrate  of  lead-oxide 
with  an  aqueous  solution  of  acid  phosphate  of  lime^  or  with  a  solution  of 
bone-a&h  i*  nitric  acid,  or  with  urine. — Wbite  powder,  wLich  fuses  at  a 
gentle  heat,  and  pn  cooling  assumes  a  crystalline  structure,  the  solidifica- 
tioin  being  aocompanied  by  vivid  inc$kn4e^ence.  (Fuchs,  Sckw.  18,  292.) 

Igtditd.  Berzeliiu.         Berthier.  TliomsoB, 

2PbO 2240    ....     75-83      76      775       80 

PO» 71-4     ....     24-17       24       22-5       20 

2PbO,PO» ....*"  295-4    ....  100-<)0      ..;..:..     100      1000      ...,..;.     WQ 
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The  salt  melts  before  the  blowpipe  on  charcoal^  without  red^ctipp  of 
the  lead.  (H.  Rose.^  When  stroDgljr  ignited  with  charcoal,  it  yields 
lead  and  likewise  pnosphorus  which  volatilizes.  (ScA,  83.)  It  is  decom- 
posed by  sulphuric  and  by  hydrochloric  acid;  dissolves  in  nitric  acid,  and 
in  potash  and  soda,  not  in  water  or  in  acetic  acid;  but  according  to  Brett, 
it  dissolves  in  solution  of  sal-ammoniac,  and  is  completely  precipitated 
therefrom  by  a  large  excess  of  ammonia. 

IT  According  to  Heintx  (Foffg,  73,  122),fvnd  Oerh^rdt  (^,  At^, 
Chim.  Fhyz,  22,  ^05),  the  precipitate  obt^ned  by  mi^^ing  solutioim 
of  chloride  of  lead  and  phosphate  of  soda  always  contains  chlorine; 
it  is  in  fact  a  double  salt  of  phosphate  and  chloride  of  lead  (yid. 
p.  150). — When  nitrate  of  lead-oxide  and  ordinary  phosphate  of  soda 
are  mixed,  a  precipitate  is  formed  consisting  of  two  salts,  one  of 
which  contains  3  At.  base  to  1  At.  acid,  and  the  other  2  At.  base  and 
I  At.  water  to  1  At.  acid.  The  salt  containing  2  At.  lead-oxide  can  only 
be  obtained  pure  by  precipitating  a  boiling  solution  of  lead-nitrate  with 
pure  phosphoric  acid.  The  precipitate  is  white,  cry$talUne^  an4  bas  a 
mother-of-pearl  lustre.  It  fuses  before  the  blowpipe.  Its  analysis  agrees 
with  the  formula,  2PbO,HO,PO».  (Heintz.)  IT 

c.  Z  At  Acid  to  4  At.  Base, — By  precipitating  the  hot  aqueous 
solution  of  lead-chloride  with  excess  of  monophosphate  of  soda,  and 
washing  with  hot  water.  White  powder  whioh  reddens  litmus.  (BerzeUus.) 
Probably  a  miztUTQ  of  bibasic  and  monobasic  salt 

Ignited.  Berselios. 

4PbO    4480      ....      8y-fi6        69-731 

8PO» 214-2       ....       12-34        30-260 

4PbO,3PO' 662-2      ....     10000        LL      100000 

d.  With  excess  of  Acid, — Lead  dissolves  slowly  in  aqueous  phosphoric 
acid,  when  aided  by  the  action  of  the  air;  a,  5,  and  c  dissolve  sparingly  in 
that  acid;  the  solution  when  evaporated  yields  a  few  homy  crystals. 
[On  the  phosphates  of  lead-oxide,  vid.  Ann.  Pharm,  62,  fi&6}  also  Gerh^t,  N.  Ann, 
Chim.  Phys.  28,  505}  Heintz,  Pogg.  73i  122.] 

£.  PYfM)PHospHAT£  OF  Lbab-oxide. — By  precimtatudj  a  le^-sfilt 
with  dipyrophosphate  of  soda.  The  precipitate  dissolves  in  an  excess  of 
that  reagent,  and  when  boiled  with  ordinary  diphosph^^te  pf  soda,  it  }« 
converted  into  ordinary  phosphate  of  lead>oxide  and  pyrophosphate  of 
soda.  (Stromeyer.) — IT  White  amorphous  powder  sol\ible  in  oitric  acid^ 
in  caustic  potash^  and  in  pyrophosphate  of  soda— insoluble  in  ammonia^ 
acetic  acidj  ai(i4  sulphurous  acid.  (Schwarzenberg.) 

8cbw9rK^b9rK» 

2PbQ   2240      ....      75-83        76*2? 

gPO* 71-4      ....      24-17        23-71 

2PbO,4PO* 295-4      ....     WW        ,      WPW 

Aecordin^  to  Gerhardt  {N".  Ann,  Chivi.  JPhys,  23, 505),  the  precipitate 
formed  by  mixing  an  alkaline  pyrophosphate  with  excess  of  lejad-nUrate^ 
consists  of  2PbO,PO*;  but,  on  tie  contrary,  if  the  alkaline  pyrophosphj^ite 
is  in  excess,  the  precipitate  is  redissojved  on  the  application  of  neat,  and 
after  it  has  become  permanent,  contains  variable  quantities  of  alkali.  A 
definite  compound,  PbO,NaO,P0*  in  the  form  of  a  grauular  precipitate 
insoluble  in  water,  may  be  obtained  by  boiling  the  first-mentioned  preci- 
pitate with  excess  of  pyrophosphate  of  soda,  i 

k2 
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F.  Metaphosphate  of  Lead-oxide. — ^Nitrate  of  lead^oxide  mixed 
with  metapbosphorio  acid  and  then  with  ammonia,  yields  a  precipitate 
insoluble  in  excess  of  ammonia.  (Persoz.) — IT  When  a  tolerably  concen- 
trated solution  of  Fleitmann  &  Henneberg's  metaphosphate  of  soda, 
obtained  by  the  process  described  in  page  133,  Vol.  II.  (see  also  Ann, 
Fharm.  65,  304),  is  mixed  with  an  equivalent  quantity  of  lead-nitrate, 
and  the  solution  ^filtered,  if  necessary)  left  to  itself,  crystals  are  obtained, 
which  appear  to  oelong  to  the  oblique  prismatic  system.  The  crystals 
contain  1  atom  of  water,  which  they  give  off  with  intumescence  when 
heated. 

Fleitmann  & 
Henneberg. 

PbO 111-6      ....      57-92        5810 

PO» 720      ....       37-40        36-83 

HO  9-0      ....        4-68        ........  507 

PbO,tfFOSHO         192-6      ....     100-00        ZZ       10000 

(Ann.  Pharm.  65,  312.)  IT 

Lead  and  Sulphur. 

A.  One-fourth  Sulphide  of  Lead. — ^A  finely  divided  mixture  of 
100  parts  of  galena  and  84  of  lead  heated  for  a  quarter  of  an  hour 
in  a  well-closed  charcoal  crucible  placed  in  a  wind-furnace  with  a 
strong  draught,  yields  144  partsiof  a  dull,  lead-coloured,  fine-grained, 
semi-malleable,  soft  mixture,  exhibiting  a  dark  grey  colour  on  the  cut 
Bur£Eice.  When  oxidized  by  nitric  acid,  it  yields  36  per  cent,  of  lead- 
sulphate,  and  must  therefore  contain  3'96  per  cent,  of  sulphur.  (Bredberg, 
Fogg.  17,  274.) 

B.  DisuLPHiDB  OF  Lead. — 1.  By  the  same  process  as  for  the  pre- 
ceding compound — excepting  that  the  mixture  is  fused  in  an  earthen 
instead  of  a  charcoal  crucible,  and  covered  with  borax — 150  parts  of  a 
more  brittle  mixture  are  obtained,  having  a  dark  leaden-grey  colour, 
a  finely  laminar  fracture,  and  containing  7*207  per  cent,  of  sulphur. 
(Bredberg.^ — 2.  Sulphate  of  lead-oxide  ignited  in  a  charcoal  crucible 
gives  off  sulphurous  acid  and  leaves  disulphide  of  lead,  which,  at  a  higher 
temperature,  partly  volatilizes  and  is  partly  decomposed,  leaving  a 
residue  of  metallic  lead.  (Berthier,^!  nn.  Chim.  Fhys.  22,  240.) 

C.  Protosulphidb  of  Lead. — Found  native  in  the  form  of  OdUna. 
Sulphide  of  lead  is  likewise  met  with,  having  the  form  of  the  Polymorphite 
from  which  it  has  been  produced. — This  compound  is  formed:  1.  When 
sulphur  is  mixed  with  melted  lead,  the  whole  becoming  red-hot.  A 
mixture  of  finely  divided  lead  and  sulphur  in  equal  numbers  of  atoms, 
placed  in  a  glass  tube  and  heated  at  one  end,  only  so  far  as  to  induce- 
combination,  does  not  continue  to  burn  unless  the  tube  has  previously 
been  heated  in  boiling  water.  Strips  of  lead,  which  may  be  tolerably 
thick,  take  fire  in  sulphur  vapour  and  burn  with  vivid  glow  and  deposi- 
tion of  half -fused  globules  of  lead-sulphide.  (Wiokelblech,  Ann,  Fharm. 
20,  37.) — 2.  By  heating  lead-oxide  with  excess  of  sulphur. — 3.  By 
bringing  hydrosulphuric  acid  or  an  alkaline  hydrosulphate  in  contact 
with  lead-oxide  or  its  salts. — Becqnerel  {Ann.  Chim.  Fht/s.  53,  106),  by 
immersing  cinnabar  in  a  solution  of  hydrochlorate  of  magnesia  contained 
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in  a  glass  tube,  dippiog  a  leaden  plate  to  the  bottom,  and  leaving  the 
tnbe  well  closed  for  six  weeks,  obtained  grey,  metal-shining,  regular 
tetrahedrons  of  lead-sulphide,  which  formed  on  the  sides  of  the  tube ;  the 
liquid  smelt  of  hjdrosulphuric  acid  and  chloride  of  sulphur  [?],  and  gave 
off  sulphurous  acid  when  treated  with  a  stronger  acid ;  the  lower  part  of 
the  lead  became  brittle  from  absorption  of  mercury. 

The  native  sulphide  forms  crystals  belonging  to  the  regular  system. 
Fig.  1,  2,  4,  6,  8,  and  other  forms;  cleavafe  yerjr  easy  parallel  to  c. 
Specific  gravity  7*58;  harder  than  rock-salt;  easily  pulverized;  of  a 
reddish  lead-grey  colour;  decrepitates  when  heated.  The  sulphide 
obtained  by  fusing  its  elements  together  is  lead-my,  with  a  crystalline 
granular  fracture;  that  which  is  precipitated  by  sulphuretted  hy<lrogen,  is 
a  brown-black  powder,  and,  according  to  Karsten,  has  a  density  of  7*5052 
after  fusion.  Sulphide  of  lead  fuses  at  a  strong  red  heat,  volatilizes  at  a 
stronger  heat,  and  sublimes  undecomposed,  if  kept  from  contact  with 
the  air. 

Pb   104      ....      86«66 

S 16      ....      13*34 

PbS 120      ....     100-00 

Proust.        VauqueUD.        J.  Davj.  Bendina.  WenzeL       Dobereiner. 

Pb....      86      ....      86-23      ....      86-6  86-64      ....      86-8      ....      86*9 

S  ....       14      ....       13-77      ....       13-4      ....       13-36      ....       13-2      ....      13-1 

100      ....     100-00      ....     100-0      ....     10000      ....     100-0      ....     1000 

Sulphide  of  lead  when  gently  ignited  in  the  air,  gives  off  the  greater 
part  of  its  sulphur  in  the  form  of  sulphurous  acid,  while  metallic  lead 
(amounting  to  about  half  the  total  quantity)  and  sulphate  of  lead -oxide 
remain  behind.  (DescotiLs,  Ann.  Chim.  Phys.  55,  441.)  Sulphide  of  lead 
precipitated  from  the  nitrate  by  solution  of  sulphide  of  strontium,  and 
then  dried  between  40^  and  50^,  took  fire  when  nearly  dry,  and  continued 
to  bum  for  an  hour,  till  it  was  wholly  converted  into  sulphate.  (Anthony 
Bepert.  59,  250.)  Sulphide  of  lead  dissolves  in  moderately  strong  nitric 
acid,  giving  off  nitric  oxide  and  depositing  sulphur;  by  fuming  nitric  acid 
it  is  converted,  with  violent  evolution  of  heat,  into  sulphate.  Aqua-regia 
decomposes  it  with  facility,  forming  sulphate  of  lead-oxide  and  chloride 
of  lead. — ^When  ignited  in  a  current  of  aqueous  vapour,  it  volatilizes, 
partly  without  decomposition;  nevertheless  it  gives  off  a  small  quantity 
of  hydrogen  and  sulphurous  acid  gas,  and  leaves  sulphide  of  lead  mixed 
with  metallic  lead  and  the  protoxide.  (Descotils.)  In  vapour  of  water  it 
evolves  hydrosulphuric  acid  gas,  and  becomes  covered  with  a  thin  film  of 
metallic  lead.  The  first  products  formed  are  hydrosulphuric  acid  and 
lead-oxide;  the  latter  then  reacts  on  the  remaining  sulphide,  yielding  lead 
and  sulphurous  acid,  by  which,  again,  a  large  portion  of  the  hydrosul- 
phuric acid  is  decomposed.  (Regnault,  Ann.  Chim.  Fhys.  62,  381.) 
Pattinson  {Schw.  56,  201)  obtained  a  large  quantity  of  hydrosulphuric 
acid  gas  and  a  fused  residue. — Sulphide  of  lead  dissolves  in  strong 
hydrochloric  acid,  hydrosulphuric  acid  being  evolved  and  chloride  of  lead 
produced.  Chlorine  gas  does  not  decompose  it  at  ordinary  temperatures, 
but  on  the  application  of  heat,  the  compound  is  slowly  converted  into 
chloride  of  sulphur  and  chloride  of  lead,  the  latter  remaining  behind. 
(H.  Rose,  Fogg.  42,  540.)  The  chloride  of  lead  amounts  to  114-08  per 
ceut.  (Fellenberg,  Fogg.  50,  73.)  When  heated  to  whiteness  in  a  char- 
coal crucible,  it  yields   [with  evolution  of  sulphide  of  carbon]   first 
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disulpbide  and  afierwards  one-fonrth  sulphide  of  lead.  (I^onrnet.)  Hy- 
drogen gea,  at  a  somewhat  powerful  red  heat,  converts  sulphide  of  lead 
into  sulphuretted  hydrogen  and  roetallio  lead.  (Descotils.)  H.  Rose,  who 
at  Descotils*  suggestion  applied  less  heat,  obtained  no  decomposition. 
2  parts  of  sulphide  of  leaa  ignited  in  a  porcelain  retort  with  1  part  of 
carbonate  of  soda  jield  53  per  cent,  of  lead)  together  with  an  easily  fusible 
•lag,  oontaining  sulphide  of  lead,  sulphide  of  sodium,  and  a  large  quantitj* 
of  sulphate  of  lead-oxide : 

7PbS-MKaO  ^  NaO|80*-l-S(NaS»Fb8l)-l-4Fb. 

The  same  mixture  ignited  in  an  open  crucible  yields  6d  per  cent.;  and  if 
htated  in  a  shallow  yessel,  the  heat  being  slowly  raised  and  long  con- 
iinued,  it  yields  from  75  to  80  per  cent.;  for  the  oxide  which  forms  bj 
contact  with  the  air,  exerts  a  decomposiuff  action  on  the  sulphide  of  lead 
which  still  remains  dissolved  in  the  sulphide  of  sodium, — and  if  4  parte 
of  dry  carbonate  of  soda  be  used  to  1  part  of  leadnsulphide,  the  separation 
of  the  lead  is  complete.  The  action  of  the  air  may  be  replaced  by  that 
of  nitre.  If  10  parts  of  galena  be  fused  with  30  parts  of  carbonate  of 
Boda,  and  3  parts  of  nitre  added,  the  quantity  of  lead  reduced  amounts  to 
between  75  and  78  per  cent.  The  galena  may  likewise  be  fnaed  with 
carbonate  of  soda  and  nitre  at  once.  1  part  of  sulphide  of  lead  fused 
with  4  parts  of  black  flux  yields  75  parts,  and  with  4  parts  of  tartar, 
80  per  cent,  of  lead;  and  1  pt.  lead-sulphide  ignited  in  a  diarooal  crucible 
with  3  or  4  parts  of  carbonate  of  soda  yield  from  74  to  75  per  cent,  of 
metal.  Lime  or  baryta^  heated  to  whiteness  with  sulphide  of  lead  in  a 
charcoal  crucible,  decomposes  it  partially,  so  that  the  slag  of  sulphide  of 
lead  and  barium  or  sulphide  of  lead  and  calcium  contains  globules  of  lead 
mixed  with  it.  (Berthier,  Ann,  Chim,  Fkys,  33,  156.)  Protosulphide 
and  protoxide  of  lead  decompose  one  another  without  fusion.  With  1 
atom  of  sulphide  and  2  atoms  of  litharge,  the  products  are  aulphurooa 
aoid  gas  and  metallic  lead : 

Pb8  +  2FbOaSPb  +  80>. 

Any  excess  of  litharge  remains  nndecomposed  on  the  top  of  the  lead;  if 
an  excess  of  sulphide  be  present,  a  lower  sulphide  is  formed.  Bat  If  the 
litharge  already  contains  another  metallic  sulphide  in  solution,  e,  a.  sul- 
phide of  sine  or  sulphide  of  iron,  it  then  dissolves  the  lead>suTphide 
without  decomposing  it.  (Berthier,  Ann.  Chim.  Phyt.  39,  262.)  Ac- 
cording to  Ddbereiner  (Schw,  17, 248),  sulphide  of  lead  maybe  fused  with 
the  protoxide  without  aecomposition.  Protosulphide  of  lead  ignited  with 
protoxide  of  copper,  yields  sulphurous  acid,  metallic  copper,  and  a  slag 
consisting  of  dioxide  of  copper  and  protoxide  of  lead.  (Karsten,  Schu^ 
66,  400.)— Iron  separates  lead  from  the  sulphide  almost  entirely,  even 
when  the  sulphide  is  dissolved  in  sulphide  of  sodium.  10  parts  of 
sulphide  of  lead,  20  of  dry  carbonate  of  soda,  and  2  or  3  of  iron,  yield 
from  77  to  80  per  cent,  of  lead.  (Berthier.)  Recently  precipiuted 
sulphide  of  lead  added  to  the  aqueous  solution  of  a  copper  or  silver  salt 
throws  down  sulphide  of  copper  or  sulphide  of  silver.  (Anthon.)  Sulphide 
el  lead  is  not  decomposed  b^  aqueous  sulphurous  aci^  nor,  at  a  red  heat, 
by  earbonic  oxide  or  carbonic  add  gas. 


D.  PXNTASViiPHiiM  OF  LfiAiK — ^Lead-salts  »ve  with  aqueous  penta- 
mdphide  ef  potassium  a  biowB-r«d  precipitate,  whidi,  in  a  few  second^  Is 
lesolred  into  a  mixture  of  protosulphide  of  kad  and  £ree  solnhnr 
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E.  HrpostrLPHiTB  of  LEAl>-oitif>B. — Formed  by  preoipitating  nitrate 
of  lead-oxide  with  h^osalphite  of  lime. — ^WHite  powder^  wbioli  blackens 
even  below  100°.  When  raised  to  a  higher  temperature,  oat  of  contact 
of  air,  it  gires  off  snlpfaarons  acid  gas,  and  is  converted  into  sulphide  of 
lead  mixed  witb  snlphate;  when  heated  in  contact  with  air,  it  burns  with 
a  fe6ble  flame.  It  dissolres  in  3206  parts  of  water.  (Hersohel.)  Remains 
white  at  lOO'',  but  acqnires  a  dark  colour  at  200°.  When  heated  In  a 
^tort,  it  ykrlds  salphnr,  salpharons  acid,  and  78*57  per  cent,  of  a  gttj 
pvlverolent  mixtare  of  sal{>hide  of  lead  and  smlpbate  of  lead-oxide.  It 
dissolves  ia  a^aeous  alkaliae  hj^osalpfaites^  forming  doiiUe  Mti.  (Batik* 
mMhergf  P^*  M^  808.) 

HeneheL  RammellberK. 

FbO ,    \\%      ....      70        70»        ........        69^-34 

ff»0« 48      ....      30 


PbO,S»0» 160      ....     100 


lim^. 


f*.  Tetrathioxatb  of  Lead-oxide. — Iodine  added  to  aqueous  hjpo- 
sulphite  of  lead-oxide  thrtows  down  iodide  of  lead,  while  tetrathionate  6f 
lead-oxide  and  a  trace  of  iodide  of  lead  remain  in  solution.  (Pordos  & 
Gelis.) 

0.  TRYfHKKfrAtft  OF  liEAD^oxiDB. — ^Aqucottd  trSthiomic  ftdd  formi 
with  lead-salts  A  whitd  precipitate  #hich  tariis  black  when  heated. 
(Linglois.) 

H.  SvLFfiiTE  OF  Lbao-oxidb,  oy  LBAD^ULFHiTm-^Fontied  by  double 
dtoompeeition^  White,  tasteless  powder.  Gives  off  su)phttroii8  acid  gas 
when  heated,  afid  leaves  a  miiture  ef  sulphide  and  sulphate.  Stroat 
■itrio  aeid  converts  it  into  dulphate.  Sulphuric  ot  hydfc^hlorle  Heid 
expels  sulphuroitA  acid  from  it.     Insoluble  in  wat^r* 


pbO 

112 

....      7777 
....      22-22 

Gay-LuBsic.           Thomson. 
,        78        ....>.M        74*5 

so» ..., 

32 

22        25-5 

FbO,SO»  ... 

144 

....     10000 

100        100-0 

I.  Htposvlphatb  OF  Lead-oxide. — a.  Tenbasic  Salt. — Fortaed  hf 
decomposing  &  or  c  with  excess  of  ammonia.  Soft,  white  powder,  having 
an  alKaline  reaction,  containing  about  81  parts  (10  At.)  of  lead-oxid#| 
5  pts.  (1  At.)  of  acid,  and  14  pts.  (20  At.)  of  water;  decomposed  bj 
earbonic  acid;  verj  sparingly  soluble  in  water. 

h,  Bihcuic  f — By  decomposing  the  solution  of  c  with  an  insufBcieni 
quantity  of  ammonia.  Very  soft,  white  needles,  having  an  alkaliae 
reaction.  When  digested  with  nitric  a<)id,  this  compound  is  convetted 
into  85*09  per  cent,  of  sulphate;  and,  if  sulphuric  acid  be  then  added  to 
the  liquid,  II  per  cent*  more  of  sulphate  is  precipitated.  It  gives  up  its 
excess  of  lead-oxide  to  the  carbonic  acid  of  the  air.  Difficultly  soluble  in 
water. 

c.  Jifanobasic. — Carbonate  of  lead-oxide  is  dissolved  at  a  gentle  heat 
in  aqueous  hyposulphuric  acid,  and  the  solution  left  to  spontaneous 
evaporation.  Large  crystals,  permanent  in  the  air;  they  belong  to  the 
hexagonal  system,  and  are  nearly  identical  in  form  with  those  of  the 
hyposulphates  of  strontia  and  lime.  Primary  form.  Fig.  151;/:  7-^=  1 1 9^. 
Taste,  very  sweet  and  somewhat  rough.  The  salt  when  ignited  yields 
*^  d6  per  cent,  of  leadnsulphate.     Very  easily  soluble  in  water.  (Heeren.) 
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Oy$UUiged,  Heeren* 

FbO 112      ....      50-91        ........        5104 

SH)* 72      ....      32-73 33-01 

4HO 36      ....      16-36        15-95 

PbO,S'0»  +  4Aq. 220      ....     10000        ZZ       10000 

K.  Sulphate  of  Lead-oxidb,  or  Leaihsulphatb.-— a.  Baste.—' 
1.  AqneoQs  ammonia  digested  with  salt^  h,  remoTes  only  a  part  of  the 
Bulpharic  acid.  (Vauquelin,  Scker.  J.  4,  5B,) — 2.  Monosnlphate  of  lead- 
oxide  16  rendered  mncn  more  fnsible  by  the  addition  of  more  oxide.  One 
atom  of  lead- oxide  forms  with  1  atom  of  the  sulphate,  a  colourlees,  easily 
fosible  mixture,  which,  on  cooling,  crystallizes  in  transparent  and  colour- 
less prisms;  with  2  atoms  of  the  sulphate,  it  fuses  at  commencing  white- 
ness and  yields  a  fibrous  enamel;  with  4  or  8  atoms  of  the  sulphate,  a 
white^  translucent,  somewhat  crystalline  glass  is  formed.  (Berthier,  Aniu 
Ckim.  Pkys,  48,  287.) 

(.  Moncbasic, — Found  native,  in  the  form  of  Leadr-vUriol.  Some 
specimens  of  the  natire  sulphate,  formed  from  galena,  are  still  deavable 
in  the  direction  of  the  cubical  faces. — This  salt  is  formed:  1.  When  oil  of 
vitriol  is  heated  with  lead. — 2.  Slowly,  when  lead  is  placed  in  contact 
with  aqueous  sulphuric  acid  and  with  the  air.-^— 3.  By  contact  of  sul- 
phuric acid  with  lead-oxide  or  its  salts.— 4.  By  contact  of  sulphuric 
acid  with  red  or  brown  peroxide  of  lead.  Lead-oxide  does  not  absorb 
the  vapour  of  anhydrous  sulphuric  acid  at  ordinary  temperatures.  (H. 
Rose,  Pogg.  32,  94.) — Kuhlman  {Ann,  Pharm,  38,  366)  observed  that 
when  the  acid  vapours  in  a  vitriol-work  were  made  to  pass  from  the  first 
leaden  chamber  into  several  others,  in  order  to  condense  the  whole  of  the 
sulphuric  acid,  the  leaden  plates  were  rapidly  corroded  by  the  excess  of 
hyponitric  acid  present,  and  sulphate  of  lead-oxide  was  formed  in  the 
shape  of  silky  needles  and  laminie,  of  specific  gravity  6*07. 

The  native  sulphate  belongs  to  the  right  prismatic  system;  Fig.  46, 
47,  and  other  forms,  produced  more  especially  by  the  entry  of  the  faces 
tt,  m,  and  t.  Cleavage  parallel  to  i,  y,  and  u;  i  :  i'=76^  12';  y  :  y'= 
101""  32';  %  :  y=119''  51'  (Hauy)  u  :  u=104°;  the  angles  exactly  equal 
to  those  of  CcBlestine.  (Mitscherlich.^  Specific  gravity  6'169l  (Karsten); 
6*298  (Mobs).  Hardness  equal  to  that  of  calcspar.  Transparent,  colour- 
less, with  an  adamantine  lustre. — The  artificial  variety  forms  a  white, 
loosely  coherent  mass,  or  a  white  powder. — Fuses  at  a  red  heat  and 
forms  a  crystalline  solid  on  cooling. 

Klaprotfa.     Berxeliot.        Berthier.         Bachols. 

PbO 112    ....     73-684    ....     735    ....     73-615      ....      73-99      ....      74 

SO» 40    ....     26-316     ....     26-5     ....     26-385      ....      26-01       ....      26 

PbO,SO»        152    ....  100000    ....  1000    ....  100-000      ....    100-00      ....     100 

Not  decomposed  at  the  highest  temperature  when  heated  alone. 
When  ignited  with  silica  or  clay,  it  gives  off  all  its  acid  in  the  form  of 
sulphurous  acid  and  oxvgen  gas.  Heated  to  redness  with  68  per  cent,  of 
lead  or  0-3  of  charcoal,  it  yields  pure  vitrefied  oxide;  with  6  per  cent, 
of  charcoal  at  the  same  temperature,  it  yields  63  per  cent,  of  metallic 
lead,  on  the  surface  of  which  a  small  quantity  of  fused  oxide  floats;  with 
9  per  cent,  of  charcoal,^  sulphurous  acid  is  evolved,  and  71  per  cent, 
of  lead  containing  sulphur  (67  lead  to  4  sulphur)  produced.  (Ber- 
thier, Ann.  Ckim.  Phys,  20,  275.)  When  lead-sulphate  is  heated  to  low 
redness  with  excess  of  charcoal,  carbonic  acid  is  evolved  without  any 
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^nlpharoos  acid,  and  snlpbide  of  lead  remains  behind;  with  equal  nnm- 
bers  of  atoms  (152  lead^  6  charcoal)  also,  provided  the  temperature  be 
kept  low,  nothing  but  carbonic  acid  is  eyolyed,  and  only  half  of  the  salt 
is  reduced  to  the  state  of  sulphide: 

2(PbO,  S0>)  +  2C  s  PbO,  SO» + PbS  +  2C0». 

If  the  heat  be  then  raised,  the  sulphide  and  sulphate  decompose  each 
other,  forming  sulphurous  acid  and  metallio  lead: 

PbO,  SO"  +  PbS  =  2Pb  +  2S0" 

With  2  atoms  of  lead-sulphate  to  1  atom  of  charcoal  (304  lead,  6  char*- 
coal),  |-  at.  sulphide  of  lead  is  produced  at  a  moderate  red  heat: 

4(PbO,  S0»)  +  2C  =  3(PbO,  SO")  +  PbS  +  2CO^ 

at  a  stronger  red  heat,  this  half-atom  of  sulphide,  together  with  1^  at. 
sulphate,  yields  sulphurous  acid  gas  and  protoxide  of  lead: 

3{PbO,SO»)  +  PbS  =  4PbO  +  4S0». 

(Gay-Lussao,  Ann,  Chim,  Pkt/s.  63,  454;  also  J.  pr,  Ckem.  11,  68.)-^ 
Sulphate  of  lead-oxide  ignited  in  a  current  of  hydrogen  gas  yields  water, 
sulphurous  acid,  and  finally  hydrosulphuric  acid,  whilst  a  mixture  of 
metallic  lead  and  sulphide  of  lead  is  left  behind.  (Arfyed8on,Po^^.  1,73.) 
^When  fused  with  an  equal  number  of  atoms  of  common  salt,  it  gives 
off  dense  fumes  of  chloride  of  lead,  and  yields  a  compact  grey  mass  with 
a  scaly  fracture.  With  ^  At....l  At.  chloride  of  barium,  it  fuses  imper- 
fectly, giving  off  chloride  of  lead,  and  forming  a  white  enamel  with  a 
granular  fracture.  (Berthier.) — By  aqueous  carbonate  of  ammonia  or 
carbonate  of  potash,  it  is  converted  into  carbonate  of  lead-oxide. — It 
dissolves  completely  in  warm  ammonia,  and  separates  from  the  solution 
[as  a  basic  saftl]  on  cooliug.  (Wittstein.)  It  is  slightly  decomposed  by 
a  cold  solution  of  sal-ammoniac,  to  a  greater  extent  on  boiling,  and  com- 
pletely, when  repeatedly  boiled  with  fresh  quantities  of  sal-ammoniac, 
the  products  being  chloride  of  lead  which  crystallizes  on  cooling,  and 
sulphate  of  ammonia.  (A.  Vogel,  J.  pr.  Chem,  2,  196.)  It  dissolves 
completely  in  a  boiling  solution  of  hydrochlorate  or  succinate  of  ammonia, 
but  does  not  separate  out  on  cooling.  (Wittstein,  Repert,  63,  329.)  The 
solution  in  cold  sal-ammoniac  is  precipitated  by  a  very  large  excess  of 
ammonia.  (Brett.) — By  solution  of  common  salt,  it  is  but  very  slightly 
decomposed.  (Bley,  Jv.  Tr.  26,  2,  292.)-— It  dissolves  in  969  parts  of 
aqueous  nitrate  of  ammonia  of  specific  gravity  1*29.  The  solution  is 
rendered  turbid  by  sulphate  of  potash,  not  by  sulphuric  acid,  because  the 
latter  sets  nitric  acid  free,  which  then  exerts  a  still  stronger  solvent 
action. — It  dissolves  in  47  parts  of  aqueous  acetate  of  ammonia,  of  specific 
gravity  1  '36,  forming  a  solution  which  is  precipitated  by  sulphuric  acid 
and  sulphate  of  potash.  (Bischof,  Schw.  51,  228.) — ^When  digested  with 
aqueous  nitrate  of  baryta  containing  excess  of  acid,  it  yields  nitrate  of 
lead-oxide.  (Th^nard.)— It  dissolves  slightly  in  heated  hydrochloric  acid, 
the  solution  depositing  a  small  quantity  of  chloride  of  lead  on  cooling, 
while  free  sulphuric  acid  remains  in  the  liquid.  (Descotils,  N.  Gehl,  2, 
175.) — On  evaporating  the  hydrochloric  acid  solution  (but  not  on  boiling), 
the  chloride  of  lead  is  decomposed.  rHayes.) — Sulphate  of  lead- oxide 
dissolves  in  nitric  acid,  the  more  reaaily  in  proportion  as  the  acid  is 
warmer  and  more  concentrated.     At  12*5°,  it  dissolves  in  172  parts  of 
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nitric  actd  of  specifio  grayify  1*144.  Water  does  not  tenAef  tlie  0olati6t 
turbid,  but  sulpburio  acid  precipitates  it  completely;  it  is  likewise 
precipitated  by  carbonate  of  ammonia.  TBischof.)  Dilute  nitric  acid 
also  dissolves  it,  though  slowly;  the  solution  is  not  precipitated  by 
phosphoric  or  hydrochloric  aoid|  and  not  at  all,  or  but  very  slightly,  by 
alkaline  sulphates;  it  is  precipitated,  however,  by  tartaric  acid,  and  more 
especially  by  dilute  Sulphuric  acid :  the  larger  tlie  excess  of  nitric  acid 
present,  the  greater  is  the  quauftity  of  snlphnrio  acid  required  10  firodooe 
a  precipitate.  The  precipitation  is  gradnal,  and  if  the  quantity  of  nitric 
acid  be  not  too  great,  almost  complete.  (Wackenroder,  Ann.  Pharm.  41, 
819.)  The  solution  of  leKk-ettlfbate  in  nitric  acid  yields,  on  evaporation, 
delicate  needles  of  iolphatCj  and  likewise  oetofaedrons  of  the  nitrate. 
(Kobell,  Kcutn.  Arch.  5,  93.}— Oil  of  vitriol  dissolves  sulphate  of  lead- 
oxide  more  abundantly  than  dilute  sulphuric  acid;  but,  according  to 
Hayes,  the  ordinary  oil  of  vitriol  of  commerce  dissolves  a  greater  Quantity 
than  a  more  conceiitrated  acid.  Water  separatee  the  salt  from  the  solu- 
tion, the  more  completely  as  the  dilution  is  carried  to  a  greater  extent, 
so  that  ultimately  only  a  tface  remains  in  solution.  —  IT  Dupasquier 
{J,  pr,  Chem.  31,417)  found  that  sulphuretted  hydrogen  produced  no 
precipitate  in  strong  sulphuric  acid  which  bad  been  boiled  with  recently 
precipitated  lead-sulphate;  but  wben  the  acid  was  diluted  with  water, 
the  sulphate  was  precipitated,  and  then  exhibited  the  usual  reaction  with 
sulphuretted  hydrogen;  the  effect  produced  by  water  is  of  course  equally 
produced  by  any  stronger  base.  IT  According  to  Hayes  (^Sill.  Amer.  «/. 
17,  16^)9  the  cold  solution  of  lead-sulphate  m  strong  sulphuric  acid,  is 
also  rendered  turbid  and  precipitated  by  hydrochloric  acid,  because  the 
chloride  of  lead  which  it  forms  is  insoluble  in  cold  oil  of  vitriol ;  but  the 
precipitate  disappears  on  heating. — In  pure  water,  sulphate  of  lead-oxide 
IS  less  soluble  than  sulphate  of  strontia,  but  more  soluble  than  sulphate 
of  baryta,  f  According  to  Fresenius  (^Ann.  Pharm.  59,  125),  1  part  of 
lead-sulphate  dissolves  m  22816  parts  of  pure  water  at  ll'^  C,  and  in 
36604  parts  of  dilute  sulphuric  acid,  f 

L.  Sulfate  and  Cahbonatb  cff  Lbad-oxids.-— a.  Leadhillite. — 
(3PbO,CO"),  +  PbO,SO'.— Yellowish  or  greenish  white  rhombic  prisms, 
the  angles  of  the  lateral  edges  being  equal  to  107^  SQf  and  72^  3(f.  Sp. 
gr.=6*3  ...6-5.  (Brooke.)— 6.  Zanarifei^«.—PbO,CO*-|-PbO,SO*.— Greenish 
or  yello«eish  white  acute  rhombohedrons  and  six-sided  prisms,  of  specific 
gravity  6*8 — ^7*0;  effervesces  slightly  with  nitric  acid.  (Brooke.) 


3(PbO,CO*) 

PbO,SO» 

Leadhmae. 
402      ....      72-66 
152      ....      27-44 

72-7         

27-3        

Thomson. 
72-57 
27*43 

PbO,  C0« 
PbO,  SC>» 

554 

....     100*00        

Lanarkite. 
134      ....      46-85 
152       ....       5315 

100*0 

ThomsoB. 
46*04 
53-96 

100*00 

286      .... 

100*00 

100*00 

M.  SuLPHOCARBONATB  OF  Lead. — According  to  Berzelius,  lead-salts 
give  a  dark  brown  precipitate  with  sulphocarbonate  of  calcium,  and, 
according  to  Zeise,  a  red  precipitate  with  sulphocarbonate  of  ammonium. 
The  deep  yellow,  supernatant  liquid  becomes  colourless  in  the  course  of 
24  hours.  (Berzelius.)     The  precipitate  is  black  after  drying,  takes  a 
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polisli  by  ptessnte,  and  when  distilled,  f^'^^^  ^^  bisulphide  ot  carbon,  and 
u  conyerted  into  sttlpbide  ot  lead.  (Berzelios.)  The  precipitate  is 
decompoeed  in  a  few  nonrs  under  water  at  ordinary  temperatures,  and 
more  slowly  under  alcohol,  yielding  sulphide  of  lead  ana  bisulphide  of 
carbon,  whereby  its  red  colour  id  changed  to  black.  If  it  be  quickly 
dried  in  vacuo  over  oil  of  vitriol,  and  then  heated,  sulphide  of  carbon 
sublimes  in  drops,  and  sulphide  of  lead  remains  behind.  Cold  hydro- 
sulphate  of  ammonia  and  heated  potash-ley  iiidtantly  blacken  the  red 
precipitate  by  withdrawing  the  sulphide  of  carbon.  Iodine,  nitric  acid, 
and  oil  of  vitriol  produce  no  change  in  the  compound  al  ordinary  tempe- 
ratures. 

Lead  akd  Selenium. 

A.  Selenide  of  LfiAb. — Ii'ound  as  a  mass  closely  resembling  galena. 
Sp.  gr.  6*8.  (Comp.  Zinken,  H.  Rose,  Fogg.  3,  274,  AndlS86.)— -L^and 
selenium  combine,  with  evolution  of  light  and  heat,  and  form  a  grey, 
porous,  soft  mass,  which  becomeif  6ilver-white  by  burnishing.  The  com- 
pound when  ignited  in  open  vessels,  evolves  without  fusion  (the  native 
selenide  with  decrepitation),  firAt  a  small  quantity  of  selenium,  and  after- 
wards of  selenide  of  lead  in  white  fumes.  When  feasted  on  charcoal 
before  the  blowpipe,  it  imparts  a  blue  colour  to  the  flame,  gives  oft 
selenium,  produces  a  red,  yellow,  t^nd  white  deposit  on  the  charcoal,  and 
is  gradually  converted  into  basic  selenite  of  lead-oiide,  which  imme- 
diately sinks  into  the  charcoal,  leaving  a  silvery  film  of  reduced  selenide 
of  leaa. — Cold  nitric  acid  dissolves  the  lead,  depositing  red  selenium, 
which,  on  the  application  of  heat,  dissolves  in  the  form  of  selenious  acid. 
(Berzelius.)  The  powder  yields  with  oil  of  vitriol,  first  a  brownish,  then 
a  greenish,  and  then  a  red-brown  mixture.  If  water  be  added  while  the 
mixture  is  jpeenish,  the  colour  changes  to  a  beautiful  red.  (Zinken, 
y.  ^.  12,  2,  278.) — A  small  quantity  of  selenium  mixed  #ith  lead^ 
renders  it  whiter,  less  ductile,  and  less  fusible.  (Berisellus.) 


Pb 104 

Sc 40 

Co 

Fb8e 144 


•a 


H.  Rose. 
TilMtrodi* 

nn     71-81 

27-28        27-61 

100-00        ZZ        99-40 


6tfoine3p^« 

70-98 

28-11 

0*83 

99-92 


B.  Selenite  of  Lead^oxidb,  or  Lead-selbnitb. — a.  Banc, — By 
strongly  igniting  6,  or  by  treating  it  with  carbonate  of  ammonia. — Trans- 
lucent, friable,  fusible  substance,  having  a  crystalline  fracture. 

b.  Monobasic. — Found  native,  sometimes  alone,  sometimes  mixed 
with  Tile-ore  (Kupferpecherz), Selemou9  acid  and  alkaline  selenites  pre- 
cipitate lead-oxide  from  its  solution  in  hydrochloric  or  nitric  acid ;  in  the 
latter  case,  however,  the  precipitate  retains  a  small  portion  of  nitric  acid. 
The  pure  salt  is  obtained  by  precipitating  aqueous  chloride  of  lead  with 
excess  of  selenite  of  ammonia. — White,  heavy  powder,  which  fuses  almost 
as  readily  as  horn-lead,  forming  a  yellowish  translucent  liquid,  which,  on 
cooling,  yields  a  white,  opaque  substance,  having  a  crystalline  fracture. 
At  a  strong  red  heat,  it  gives  off  selenious  acid  with  ebullition,  and  leaves 
the  salt  a.  Decomposed  with  difficulty  by  boiling  sulphuric  acid.  Scarcely 
soluble  in  water,  even  when  free  selenious  acid  is  present  (Berzelius.  )*--• 
The  native  selenite  has  a  globular  structure,  fibrous  fracture,  and  sulphur- 
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yellow  coloiir.  It  decrepitates  wben  heated,  witboat  giving  off  water, 
and  at  a  red  heat  fueea  into  hlack  drops,  evolving  a  small  quantity  of 
selenium,  and  afterwards  selenious  acid,  when  the  heat  is  still  further 
increased.  On  charcoal,  before  the  blowpipe,  it  fuses  to  a  black  sla^, 
evolving  a  strong  odour  of  selenium,  covering  the  charcoal  with  lead- 
oxide,  and  yielding  reduced  lead  in  ductile  grains,  the  reduction  being 
attended  with  ebullition.  It  dissolves  in  warm  nitric  acid  without  effer- 
yescence.  (Karsten,  Fogg^  46,  277*) 

Berzelins. 

PbO  112      ....      66-67        66-67 

SeO»  56      ....       33-33        33-33 

PbO,ScO»....       168      ....     100-00        100-00 

C.  Selbiviate  op  Lbad-oxide,  or  Lead-belbniate. — By  precipitating 
seleniate  of  soda  with  nitrate  of  lead-oxide  (II.,  240).  White  powder, 
insoluble  in  water.  (Mitscherlich.) 

Lead  and  Iodine. 

A.  Iodide  of  Lead. — 1.  Formed  by  precipitating  a  lead-salt  with 
aqueous  hydriodic  acid,  iodide  of  potassium,  or  iodide  of  iron  (Gay-Lussac) 
or  nitrate  of  lead-oxide  by  iodide  of  potassium  (BouUay,  Ann,  Chim,  Phys, 
94,  46),  or  acetate  of  lead-oxide  by  iodide  of  potassium.  The  lead- 
acetate  must  not  be  in  excess,  otherwise  oxy-iodide  of  lead  will  be  precipi- 
tated together  with  the  pure  iodide.  (Ingfis,  Brandes,  Ann,  Pharm.  10, 
266.)  When  acetate  of  lead-oxide  is  added  in  successive  portions  to  iodide 
of  potassium,  the  iodide  of  lead  is  first  precipitated  as  a  yellow  powder, 
and  afterwards  in  yellow  laminss  resembling  those  of  mosaic  gold,  and  the 
liquid,  which  retains  a  small  quantity  of  iodide  of  potassium,  turns  acid; 
acetate  of  lead-oxide  added  in  excess  to  this  liquid  forms  pale  yellow, 
shining  scales,  containing  oxy-iodide  of  lead.  If  a  solution  of  1  part  of 
iodide  of  potassium  in  10  parts  of  water,  be  mixed  with  a  very  small 
quantity  of  acetic  acid,  the  addition  of  lead-acetate  produces  crystalline 
iodide  of  lead  at  once;  but  if  too  much  acetic  acid  is  present,  the  iodide 
remains  dissolved,  and  does  not  separate  till  the  acid  is  neutralized  by 
potash  or  ammonia.  The  crystals  are  finer  as  the  solutions  are  more 
dilute.  (0.  Henry,  J,  Pharm.  17,  267.) — To  obtain  iodide  of  lead  in  fine 
crystals,  dissolve  1  part  of  iodide  of  potassium  in  10  parts  of  water,  then 
add  a  sufficient  quantity  of  iodine  to  giye  the  liquid  a  slight  yellowish- 
brown  colour,  and  precipitate  by  gradually  adding  a  dilute  solution  of 
lead-acetate.  (Hoppf,  Kastn.  Arch.  22,  71.)  The  product  may  be  purified 
by  crystallization  from  a  solution  in  boiling  water.  (BouUay,  Brandes.) 
— When  iodide  of  potassium  is  precipitated  by  acetate  of  lead-oxide 
mixed  with  acetic  acid,  a  greenish  or  dark  blue  iodide  of  lead  is  thrown 
down,  containing  excess  of  iodine  which  cannot  be  extracted  by  water, 
but  may  be  dissolved  out  by  alchohol  or  by  aqueous  solution  of  potash. 
When  iodide  of  iron  is  precipitated  by  acetate  of  lead-oxide,  the  preci- 
pitate contains  a  small  quantity  of  iron,  which  may  be  almost  wholly 
extracted  by  water  acidulated  with  acetic  acid. — 2.  Iodide  of  lead  may 
be  obtained  in  octohedrons  by  electrolytic  action.  (Becquerel,  vid.  I., 
401.) 

Orange-yellow  powder,  or  golden-yellow,  flexible  six-sided  laminse 
(Boullay,  Denot);  short  six-sided  prisms  (Inglis).  Specific  gravity 
6-0282  (Karsten),  61 10  (P.  Boullay).     Acquires  a  reddish-yellow  colour 
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when  heated^  afterwards  becoming  brick-red  and  red-brownish-blaek, 
(0.  Henrj,  Brandes.)  Fuses  when  somewhat  strongly  heated  (Oay- 
Lossac),  forming  a  translucent,  red-brown  liquid,  which,  on  cooling, 
solidifies  in  a  yellow  mass.  (Brandes.)  Volatilizes  at  a  strong  red  head. 
(H.  Davy.) 

Brandes.        Denot.  O.  Henry. 


Xaminar.  laiminar*     jmlverulenL 

Pb 104     ....    45-22       ....      44-98     ....     44*10     ....     50*27     ....     5200 

1 126     ....    54-78       ....       55-02     ....     54-85     ....     5M5     ....     4738 

Pbl    ....     230    ....  10000      ....     10000    ....    98-95     ....  101-42     ....    99-38 
O.  Henry  calculates  his  analyses  differently;  bat  bis  calculations  are  incorrect. 

Iodide  of  lead  giyes  off  iodine  when  heated  [in  contact  with  the  air], 
and  the  lemon-yellow  mass,  after  cooling,  dissolves  for  the  most  part  in 
boilinff  water,  leaving  a  residue  of  oxy-iodide  of  lead.  (Brandes.)  When 
heated  in  chlorine  gas,  it  is  converted  into  chloride  of  lead.  (Brandes.)-— It  ia 
decom^posed  by  boiling  with  water  and  iron,  or  still  more  readily  with 
zinc,  yielding  metallic  lead,  and  iodide  of  iron  or  zinc,  which  dissolves. 
(Berthemot,  J,  Pkarm,  13,  412.)  When  boiled  with  water  and  carbonate 
of  soda^  baryta,  strontia,  lime,  or  magnesia  (most  slowly  with  the  last),  it 
yields  carbonate  of  lead-oxide,  and  a  solution  of  iodide  of  sodium,  barium, 
&c.  (Berthemot.)  Dissolves  in  aqueous  sal-ammoniac  even  when  cold 
(Brett),  more  abundantly  in  a  hot  solution, — and  as  the  liquid  cools, 
yellowish-white  needles,  probably  of  a  double  iodide,  separate  out. 
(Boullay.)  In  aqueous  ammonia,  or  nitrate  or  succinate  of  ammonia,  it 
slowly  tnms  white  without  dissolving;  in  carbonate  or  sulphate  of 
ammonia  the  change  takes  place  more  quickly.  (Wittstein,  Bepert.  63, 
331.) — By  repeated  boiling  with  ether,  which  extracts  the  iodine  and 
thereby  acquires  an  orange-yellow  colour,  it  is  converted  into  pale  yellow 
oxy-iodide  of  lead.  (A.  Vogel,  J.pr,  Chem.  22,  148.) — Dissolves  in  1235 
parts  of  cold,  and  in  194  parts  of  boiling  water  (Denot);  in  187  parts  of 
boiling  water.  (Berthemot.)  The  solution  is  colonrless  (Denot),  and  if 
saturated  while  hot,  deposits  crystals  of  pure  iodide  of  lead  on  cooling. 
(Boullay.)  When  this  compound  is  dissolved  in  boiling  water,  a  faint 
odour  of  iodine  becomes  apparent.  (Caventou,  •/.  Fharm.  17,  266.)  The 
crystals  of  pure  iodide  of  lead  are  completely  soluble  in  water  (Brandes); 
any  oxy-iodide  of  lead  that  may  be  mixed  with  them  remains  undissolved. 
(Caventou.)  The  addition  of  acetic  acid  to  the  water  does  not  increase 
the  solubility  of  the  pure  iodide.  (Denot,  J.  Fharm,  20,  1;  also  J.  pr, 
Chem.  1,  425.) — Iodide  of  lead  dissolves  in  a  concentrated  solution  of 
iodide  of  potaiBsium,  sodium,  barium,  strontium,  calcium,  or  magnesium, 
and  is  again  completely  precipitated  on  the  addition  of  water.  (Ber- 
themot.)— It  appears  also  to  be  slightly  soluble  in  alcohol.  (0.  Henry.) 


B.  OxT-iODiDB  OP  Lead. — a,  PbI,PbO. — 1.  By  precipitating  iodide 
of  potassium  with  a  very  large  excess  of  lead-acetate.  The  precipitate 
is  left  for  a  while  in  contact  with  the  liquid,  and  then  boiled  with  water 
to  extract  the  free  iodide  of  lead.  The  orange-yellow  colour  of  the 
precipitate  changes  to  a  paler  yellow,  and  the  liquid  is  found  to  contain 
free  acetic  acid.  Also  when  100  parts  of  iodide  of  lead  are  left  for 
several  days  in  contact  with  solution  of  lead-acetate,  and  agitated  every 
now  and  then,  a  quantity  of  oxy-iodide  is  obtained  amounting  to  147  or 
148  parts.  (Brandes,  Ann,  Fharm.  10,  269.)— Denot  ^J.  Fharm.  zv,  i) 
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dr.op8  iodide  of  potassinm  ipto  a  solution  of  leiad^u^etate  which  haa  been 
exposed  to  the  tAr,  und  lK)ils  the  precipitate* with  water. — Gregory 
(«/.  Pkarm,  18^  24),  foj  mixing  dilute  solutions  of  iodide  of  potassium  and 
sugar  of  lead,  obtained,  on  cooling,  small,  dingy  greenish-yellow  needles, 
mixed  with  a  few  orange-yellow  crystals  of  iodide  of  lead,  which  could  be 
completely  removed  by  l>oilin^  water.  The  analysis  of  these  needles  is 
given  below;  Gregory  legaids  them  as  diniodide  of  lead,  Pb'I.  In 
subsequent  tn^^ls,  however,  he  did  not  succeed  in  obtaining  these  needles 
[probably  because  he  did  not  use  the  lead  solution  in  excess]. — 2.  By 

firecipitating  iodide  of  potassium  with  ordinary  subacetate  of  lead-oxide 
which  usually  contains  about  2  At.  lead-oxide  to  I  At.  acetic  acid]. 
(Brandos.) — Pale  lemon-yellow  precipitate,  or,  according  to  Gregory, 
greenish-yellow  needles. — Fuses  between  aOO""  and  dOO^,  giving  off  white 
fumes  mixed  with  vapour  of  iodine,  and  leaves  an  amber-coloured,  trans- 
parent, very  elastic  glass,  containing  iodine  and  silica,  besides  oxide  of 
lead.  ^Denot.)  — When  heated  in  chlorine  gas,  it  is  converted  into  chloride 
of  leaa.  (Brandos.) — When  treated  with  acetic  acid,  it  ^ives  up  lead-oxide, 
the  iodide  remaininff  undissolved.  (Brandes^Denot.) — Insoluble  in  boiling 
water.     Not  altered  by  aqueous  ioaide  of  potassium*  (Brandos.) 


Or: 

Pbl    

PbO  

230 

112 

67-25 
32-75 

PbI,FbO 

..    208    ... 

..    126    ... 

9     ... 

342 
60-13      

UM)-00 

Denat, 

(1) 
60-45       ... 

36-88      ... 

2Pb. 
1..  . 
0.,.. 

60-82 

36-84 

2-34 

621 
37-0 

342     ...  100-00  1000 

5.  PbI,2PbO. — By  precipitating  trisacetate  of  lead-oxide  with  excess 
of  iodide  of  potassium. — c,  PbI,5PbO. — By  decomposing  eexbasic  acetate 
of  lead-oxide  with  excess  of  iodide  of  potassium.  Denot  speaks,  indeed, 
merely  of  Uad-aeetaie  (^Acetate  plombique),  but  there  is  no  doubt  that  he 
alludes  to  the  sex-basic  salt. — The  compounds  b  and  c  behave  like  a, 
when  fused.  (Denot.)  Oxy-iodide  of  lead  is  also  formed  on  boiling 
iodide  of  lead  with  carbonate  of  lead-oxide  in  water,  (Denot.) 

&•                            Or:  Denot. 

Pbl    230    ...    50-66            3Pb 812  ...  68-72  673 

2PbO 224     ...     49-34            1 126  ...  2776  26-6 

20  16  ...  3-52  3-5 


PbI,2PbO...     454     ...  100-00  454     ...  J.0000        97-4 

IT  According  to  Kiihn  (Arch.  Pkarm.  [2],  50,  281),  the  precipitate 
formed  by  iodide  of  potassium  in  trisacetate  of  lead-oxide  is  not  rbI,2PbO, 
but  PbI,PbO  +  HO. — Ammpnia  added  in  e^ess  to  a  boiling-hot  solution 
of  iodide  of  lead,  forms  a  white  precipitate,  which  turns  yelloiv  when 
gently  heated^  and  corresponds  nearly  to  the  formuUi  PbI,dPbO  -h  HJQ-  IT 

C.  loDiDB  OF  Lead  and  HTDROGGZtr. — 1.  Aqueous  hydriodic  acid, 
exposed  for  some  time  to  the  air  in  contact  with  lead-filiogs,  gradually 
deposits  white  crystals,  which  dissolve  when  the  whole  is  boiled,  and 
^uue  a  finer  appearance  09  cooling. — 2.  The  solution  of  iodide  of  lead 
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iQ  hot  aqueous  hydnodio  acid  yields  tbe  same  crystals  on  cooling.— 
White  crystals  having  a  silky  lustre.  The  compound,  when  kept  in 
vacuo  or  m  dry  air,  gradually  gives  off  hydriodlc  acid  and  leaves  iodide 
of  lead:  the  same  change  takes  place  quickly  on  the  application  of  heat* 
Gold  water  likewise  extracts  the  hydriodic  acid  with  only  a  small 
quantity  of  iodide  of  lead.  Boiling  water  dissolves  the  salt  completely, 
but  the  liquid,  on  cooling,  deposits  crystallized  iodide  of  lead,  and 
retains  the  hydriodic  acid  in  solution.  (Guyot,  J.  Chim,  M4d,  12,  247.) 

When  fused  iodide  of  lead  is  decomposed  in  the  voltaic  circuit,  iodine 
is  evolved  at  the  p9sitive  pole,  but  a  periodide  of  lead  seems  likewise  to 
be  formed,  which  evolves  iodine  when  heated  somewhat  strongly.  (Fara- 
day, Egcp.  Bes,  in  SI  1,  236;  also  Pogg,  83,  485.) 

D.  Bane  FeriodUe  of  Lead-oxide  f — a.  Blue  Salt, — First  observed  by 
Denot. — 1.  A  solution  of  1  At.  iodine  in  1  At.  aqueous  soda  (carbonate 
of  soda  is  not  so  good)  forms  with  nitrate  or  acetate  of  lead-oxide,  a 
transient  violet-redprecipitate,  which  decomposes  spontaneously  under 
wator,  yielding;  iodine  and  a  beautiful  blue  powder. — 2.  But  if  only 
^  At.  or  ^  At.  iodine  is  dissolved  in  1  At.  soda,  the  blue  precipitate  forms 
immediately,  and  the  solution  retains  but  a  trace  of  iodine. — 3.  Also, 
when  hydrated  lead-oxide  is  triturated  with  iodine  precipitated  by  water 
from  an  alcoholic  solution,  a  violet-red  mass  is  obtained,  which,  after  a 
while,  gives  off  iodine  and  turns  blue. — The  blue  powder  gives  off  no 
iodine  in  vacuo;  it  likewise  remains  unaltered  in  water  and  in  solutions 
of  lead-aoetaie  and  of  sugar,  bat  the  weakest  a4Sids,  even  the  carbonic 
acid  of  the  air,  separate  iodine  from  it  and  form  a  lead-salt.  When 
heated  alone,  it  does  not  evolve  iodine,  but  turns  greenish-yellow, 
perhaps  from  fonuation  of  iodide  of  lead  aiid  basic  iodate  of  iead-oxidci 
(Durand,  N.  J.  Fkarm,  2,  311.) 

b.  Violet  Salt, — Litharge  exerts  littie  or  no  action  on  a  mixture  of 
iodine  and  water,  even  with  the  aid  of  heat;  but  pure  hydrate  of  leadr 
oxide  mixed  with  iodine  and  cold  water  forms,  in  a  few  seconds,  a  pale 
violet-coloured  compound,  which,  after  the  excess  of  iodine  has  been 
expelled  by  boiling,  must  be  washed  and  then  dried  out  of  contact  of  air. 
The  hydrated  lead-oxide  may  likewise  be  treated  with  an  alcoholie 
solution  of  iodine,  and  the  excess  of  iodine  removed  by  washing  with 
alc<^ol. — ^The  pale  violet  compound  contains  83*32  per  cent.  (6  At.)  of 
lead-oxide  and  16*23  per  cent.  (1  At.)  of  iodine. — At  a  strong  red  heat, 
it  gives  off  oxygen  gas  and  leaves  iodide  of  lead  [mixed  with  oxide]. 
It  absorbs  carbonic  acid  from  the  air  without  evolving  iodine.  The 
stronger  acids  separate  iodine  from  it.  Caustic  pota^  dissolves  it 
gradually.  It  is  bat  slowly  decomposed  by  boiling  with  water,  and  does 
not  yield  iodine  to  alcohol. — To  obtain  the  blue  compound  a,  hydmted 
lead-oxide  must  be  mixed  with  iodine  and  water,  and  a  few  clrops  of 
nitrate  or  acetate  of  lead-oxide  added.  (Jammes,  N.  J.  Pharm.  3,  356.) 
—  [Can  the  compound  h  be  composed  of  PbI  +  llPbO,IO,  and  the  com- 
pound a  distinguished  from  it  by  contaiuiugless  oxide  of  lead?] 

E.  JooATE  OF  Leap-oxide,  or  Lead-jodate. — Iodic  acid  and  iodate 
of  potash  or  soda,  give  an  immediate  precipitate  with  nitrate  of  lead-oxide. 
(Pleischl,  Schw,  45, 18.) — White  powder,  anhydrous  after  drying.  When 
gently  ignited  in  a  retort,  it  gives  off  a  large  Quantity  of  iodine  and 
oxygen  gas,  and  leaves  52  25  per  cent,  of  a  yellowish-brown  residue, 
containing  iodide  and  oxide  of  lead,  the  former  of  which  remains  undis- 
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solved  when  the  residQe  is  digested  in  acetic  acid.  (Rammelsberg,  Pogg, 
44y  566.)  With  concentrated  hydrochloric  acid,  it  yields  chlorine  gas, 
water,  dissolved  terchloride  of  iodine,  and  crystalline  chloride  of  lead. 
(Filhol.) 

PbO,  10*  +  6HC1  =  PbCl  +  ICP  +  6H0  +  2C1. 

It  dissolves  very  sparingly  in  water,  and  with  some  difficulty  in  nitric 
acid.  (Rammelsberg.) 

F.  BiBASic  Periodate  of  Lead-oxidb. — Formed  b^  precipitating 
nitrate  of  lead-oxide  with  bibasic  periodate  of  soda  dissolved  in  the 
smallest  possible  quantity  of  warm,  dilute  nitric  acid.  If  too  much 
nitric  acid  be  added  to  the  solution,  the  filtrate  will  contain  periodic 
acid,  and  will  then  yield  an  additional  quantity  of  lead-salt  on  digestion 
with  carbonate  of  lead- oxide.  Monobasic  periodate  of  soda  likewise 
throws  down  bibasic  periodate  of  lead-oxide  from  a  solution  of  the 
nitrate,  the  supernatant  liquid  becoming  charged  with  free  acid. — White 
powder,  which  becomes  yellowish  when  dried  or  heated,  or  by  loss  of 
water.  Decomposed  by  dilute  sulphuric  acid.  Dissolves  readily  in  dilute 
nitric  acid,  but  not  in  aqueous  periodic  acid,  or  in  pure  water.  (Benckiser, 
Ann,  Fharm.  17,  254.) 

Lead  and  Bromimb. 

A.  Bromidb  of  Lead.— 1.  By  treating  lead-oxide  with  aqueous 
hydrobromic  acid.  Lead-oxide  treated  with  bromine-water  is  immediately 
converted  into  peroxide  of  lead. — 2.  By  precipitating  a  lead-salt  with 
aqueous  bromide  of  potassium.  (Balard.) — When  prepared  according  to 
(2),  it  is  a  white  crystalline  powder.  (Balard.)  From  a  solution  in  hot 
water,  it  separates  in  white  shining  needles.  (Lbwig.)  After  rapid 
drying  it  has  a  density  of  6*6302.  (Karsten.)  At  a  strong  heat,  it  fuses 
into  a  red  liquid  (Balard);  and  if  the  fusion  takes  place  in  a  vessel  which 
excludes  the  air,  the  salt  solidifies  on  cooling,  in  a  white,  homy  mass. 
(Lowig.)  When  fused  in  contact  with  the  air,  it  emits  a  small  quantity 
of  white  fumes,  and  on  cooling  solidifies  in  a  yellow  mass  consisting  of 
oxybromide  of  lead.  (Balard.) — Nitric  acid  added  to  pulverized  bromide 
of  lead  liberates  bromine,  sulphuric  acid  causes  the  evolution  of  brominic 
and  hydrobromic  acid;  the  fused  bromide,  on  the  contrary,  is  decomposed 
only  by  boiling  oil  of  yitriol.  (Balard.)  Bromide  of  lead  dissolves 
sparingly  in  cold  water,  more  readily  in  water  containing  hydrochloric, 
nitric,  or  acetic  acid.  (Lowig.)  It  dissolves  slowly  in  cold  aqueous 
hydrochlorate  or  nitrate  of  ammonia,  quickly  in  the  same  solutions  when 
warm.  (Wittstein.) 

Lowig. 

Pb 1040       ...         5702         69-2 

Br 78-4       ...        42-98        408 

PbBr    182-4       Z       10000        ~,       lOO'O 

B.  Oxybromide  of  Lead. — 1.  Formed  by  igniting  bromide  of  lead 
in  the  air,  till  it  ceases  to  emit  white  fui^^es.  (Balard!) — 2.  By  heatinfi^ 
bromo-carbonate  of  lead  (p.  145)  till  all  the  carbonic  acid  is  expelled. 
(L5wig.) — By  placing  bromide  of  lead  for  some  days  in  contact  with  a 
solution  of  lead- acetate,  and  agitating  from  time  to  time.  The  filtrate 
contains  free  acetic  acid.  (Brandos,  Ann.  Pkarm.  10,  275.) — Prepared 
by  (1)  or  (2),  it  has  a  fine-yellow  colour;  by  (3),  yellowish  white,  but 
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after  complete  dehydration  at  140^,  yellowish.  When  heated  it  becomes 
lemon-yellow,  then  reddish-yellow,  then  brown-red,  and  after  cooling, 
resnmes  its  original  yellowish-white  colour.  When  heated  to  fusion,  it 
emits  dense  white  fumes,  and,  on  cooling,  solidifies  in  a  yellowish-white, 
translucent,  pearly  mass.  When  decomposed  at  a  high  temperature  by 
chlorine  gas,  it  yields  94*921  per  cent,  of  chloride  of  lead,  and  is  there* 
fore  =  PbBr,PbO.  (Brandes.) 

C.  Bromate  of  Lead-oxide,  or  Lead-bromate. — 1.  Bromic  acid 
and  bromate  of  potash  throw  down  a  white  powder  from  lead- salts,  but 
only  from  concentrated  solutions.  (Balard.) — 2.  The  salt  may  be  foraaed 
by  dissolving  carbonate  of  lead-oxide  in  warm  bromic  acid,  and  leaying 
the  solution  to  crystallize.  (Rammelsberg.) — Small,  shining,  permanent 
crystals,  isomorphous  with  those  of  the  strontia-salt. — They  do  not  lose 
their  water  in  vacuo  over  oil  of  vitriol.  At  1 80°,  they  begm  to  decom- 
pose, with  copious  evolution  of  gas,  forming  brown  oxide  of  lead,  which, 
at  higher  temperatures,  is  reduced  to  the  red  and  then  to  the  yellow 
oxide,  the  latter  remaining  in  combination  with  bromide  of  lead.  Soluble 
in  75  parts  of  cold  water.  (Rammelsberg,  Pogg,  52,  96.) 

Crystallized,  Rammelflberg. 

PbO 1120      ....      46-78        46-39 

BrO»  118-4       ....       49-46 

HO     ^  90      ....        3-76 

PbO,BrO»  +  Aq 239-4       ....     lOO'OO 

D.  Bromoc  ARSON  ATE  ov  Lead. — Equivalent  quantities  of  bromide 
of  lead  and  carbonate  of  lead-oxide,  boilea  with  water,  form  an  insoluble 
compound,  which  fuses  readily  when  heated,  and  afterwards  gives  off  its 
carbonic  acid.  (Lowig.) 

Lead  and  Chlorine. 

A.  Chloride  of  Li^Ai>.-^Plumbum-conieum,  fforn-lead,  —  Found 
native  as  Coiunnite. — 1.  Lead  absorbs  chlorine  gas  very  slowly,  and 
without  visible  combustion. — 2.  Hydrochloric  acid  added  to  lead-oxide 
or  its  salts  forms  chloride  of  lead;  and  dissolved  metallic  chlorides  added 
to  solutions  of  lead-salts  throw  down  the  same  compound  in  the  form  of  a 
crystalline  powder. — 3.  With  metallic  lead,  hydrochloric  acid  forms 
chloride  of  lead,  but  very  slowly,  and  only  when  assisted  by  the  action 
of  the  air.  The  same  acid  boiled  with  metallic  lead,  converts  it  into 
chloride,  with  evolution  of  hydrogen  gas. — When  prepared  by  (2),  it 
forms  a  white  crystalline  powder,  known  by  the  name  of  MagUterium 
Flurnhi;  when  crystallized  from  a  hot  solution  in  water  or  aqueous  acids, 
it  forms  white,  silky,  six-sided  needles  and  lamins.  Fuses  below  a  red 
heat,  and  on  cooling  solidifies  in  a  white,  translucent,  horny  mass. 
According  to  J.  Davy,  it  does  not  Tolatiliase  even  at  a  very  strong  red 
heat,  provided  the  air  be  excluded.  Specific  gravity  of  the  precipitated 
chloride  5*8022;  of  that  which  has  oeen  fused  out  of  contact  of  air, 
5-6824.  (Karsten.) 

J.  Davy.  Ddbereiner. 

Pb    104-0      ....      74-6        74-22        75-76 

Ci 35-4       ....      25-4        25-78        24-24 

FbCl  ....      139-4      ....     1000        100-00        10000 

VOL.  V.  L 
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Or: 

PbO  1120       ....       80-34 

Cl-0    ....        27-4      ....       19-66 


Berzeiins. 

Kirwan. 

80-26 

81-77 

19-74 

18-23 

139-4       ....     100-00        10000         10000 

When  ignited  in  contact  with  the  air,  it  partly  volatilizes,  together 
with  excess  of  chlorine,  leaving  a  residue  of  oxychloride  of  lead.  (Dobe* 
reiner,  Schw,  17,  255.)  When  fased  with  sulphur,  it  is  partially  con- 
verted into  sulphide  of  lead.  (A.  Vogel.)  It  is  completely  decomposed 
by  carbonic  oxide,  at  a  red  heat,  yielding  phosgene  gas  and  metallic  lead« 
(Gfobel,  </.  pr,  Pharm.  6,  388.) — With  phosphuretted  hydrogen  gas,  at  a 
gentle  heat,  it  yields  hydrochloric  acid,  phosphorus,  and  metallic  lead. 
(H.  Rose,  Pogg.  24,  834.) — With  aqueous  hypochlorous  acid,  it  forms 
peroxide  of  lead  and  chlorine  gas.  (Balard.) — Aqueous  alkalis  convert 
it  into  quadrobasic  hydrochlorate  of  lead-oxide. — Chloride  of  lead  dis- 
solves slowly  in  135  parts  of  water  at  12-5°  (Bischof),  and  in  a  smaller 
quantity  of  boiling  water.  Of  cold  water  containing  hydrochloric  acid, 
it  requires  1636  parts  to  dissolve  it — twelve  times  as  much,  therefore,  as 
of  pure  water  (Bischof);  hence  a  precipitate  is  formed  in  the  aqueous 
solution  on  the  addition  of  hydrochloric  acid.  (H.  Rose.)  On  the  other 
handj  concentrated  hydrochloric  acid  dissolves  chloride  of  lead  abundantly, 
and  is  precipitated  by  water.  (6m.)  A  solution  of  chloride  of  calcium, 
even  if  dilute,  likewise  precipitates  the  aqueous  solution  of  this  compound, 
leaving  a  solution  containing  1  part  of  chloride  of  lead  in  ,534  parts  of 
water.  (Bischof,  Schw.  64,  76.)  The  solution  in  strong  hydrochloric  acid 
is  not  precipitated  by  sulphuretted  hydrogen;  but  immediately  on  the 
addition  of  water.  (Wackenroder.)  Chloride  of  lead  dissolves  somewhat 
abundantly  in  aqueous  alkaline  hyposulphites  (Herschel),  also  in  aqueous 
acetate  of  soda.  If,  therefore,  190  parts  of  lead-acetate  dissolved  in 
water,  are  mixed  with  58*7  parts  of  common  salt,  from  43  to  48  parts  of 
chloride  of  lead  are  precipitated;  the  filtrate,  on  further  evaporation,  gives 
off  acetic  acid,  and  deposits  the  greater  part  of  the  chloride  Jor  oxy- 
chloride ?]  of  lead,  so  that  at  length  only  4'4  parts  remain  in  solution. 
A  small  quantity  of  common  salt  added  to  a  solution  of  lead-acetate  forms 
a  precipitate  which  disappears  on  agitation;  a  small  quantity  of  lead- 
acetate  solution  added  to  a  solution  of  common  salt  forms  a  permanent 
precipitate;  if,  however,  acetateof  soda  is  mixed  with  the  solution  of  common 
salt,  no  precipitate  is  formed.  (Anthon,  Pepert.  76,  220.) — Chloride  of  lead 
dissolves  very  sparingly  in  alcohol  of  76  per  cent.,  the  solubility  not  being 
increased  by  heat.     In  spirit  of  94  per  cent,  it  is  insoluble.  (Bischof.) 


B.  OxTCHLORiDE  OF  Lead. — a.  3PbCl,  PbO.— 4  parts  of  chloride  of 
lead  ignited  with  1  part  of  litharge,  yield  a  fused,  laminar,  pearl-grey 
mixture,  which,  when  triturated  with  water,  swells  up  to  a  bulky  mass. 
(Vauquelin.) 

6.  PbCl,  PbO. — Formed  by  ijniiting  chloride  of  lead  in  the  air  till  it 
no  longer  gives  off  fumes,  or  by  fusing  together  chloride  of  lead  and  car- 
bonate of  lead-oxide,  whereby  the  carbonic  acid  is  set  free.  The  mixtare 
while  fused  is  of  a  deep-yellow  colour,  and  as  it  cools,  becomes  first  lemon- 
yellow,  then  of  a  pearl  colour  and  crystalline.  (Dobereiner.)  If  pulve- 
rized crystalline  chloride  of  lead  be  left  for  some  days  in  contact  with  a 
concentrated  solution  of  lead-acetate,  it  takes  up  protoxide  of  lead  with 
evolution  of  acetic  acid,  and  forms  a  white  powder,  which,  after  washing 
and  drying  at  a  gentle  heat,  contains  from  2  to  2-5  per  cent,  of  water. 
At  a  stronger  heat  the  water  escapes,  the  compound  assuming  first  a 
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yellowish-white  and  then  a  light  yellow  tint;  and  the  residue  ultimately 
fuses  to  a  deep  yellow  liquid^  which  gives  off  white  fumes,  and  on  cooline, 
solidifies  to  a  nearly  white  mass  containine  55*36  per  cent,  of  chloride 
of  lead  and  44*45  per  cent,  of  oxide.  (Brandos,  Ann,  Pharm.  10,  274.) 

c.  PbCl,2PbO. — Mendip  Lead-ore  or  MendipUe, — Right  rhombic  prism. 
m:i/=77°  33'.  Cleavage  parallel  to  p  and  u,  Sp.  gr.  =  7*077.  Harder 
than  g3rpsum.  Yellowish- white,  with  an  adamantine  lustre;  translucent. 
Decrepitates  when  heated,  and  appears  yellower  after  cooling.  Fuses 
very  readily.  Yields  lead  before  the  blowpipe  upon  charcoal,  with  evolu- 
tion of  acid  vapours.  The  carbonate  of  lead-oxide,  the  quantity  of  which 
is  variable,  and  the  silica^  are  to  be  regarded  as  accidental  admixtures. 
(Berzelius,  Pogg,  1,  272.) — IT  This  mineral  is  likewise  found,  and  in  a 
state  of  greater  purity,  at  Brilow  near  Stadtbergen :  it  there  occurs  in 
connexion  with  calcspar  and  calamine.  Structure  crystalline.  Cleavage 
distinct.  Very  slightly  brittle.  White,  translucent,  with  a  mother-of- 
pearl  lustre  on  the  cleavage-surfaces.  Sp.  gr.  =  7*0.  (Rhodius,  Ann, 
Pharm.  62,  373.)  IT 


Mendipite. 

BerzeliuB. 

Rhodius. 

PbCl    

139*4    ..„     38-36 

34-63 

39*06 

2PbO   

224*0    ....     61*64 

.....        55-oZ        i.i.. 

60-10 

PbO,C02    .... 

■««a                                                              •■• 

7*65 

Si02 

•«••                                                              •■■ 

1*46 

HO  

•••«                                                              ••• 

0*54 

Pbci,2Pba.... 

363*4     ....  100-00 

100-00 

9916 

d.  PbCl,  3PbO. — ».  Anhydrotu. — 1.  By  fusine  1  At.  chloride  of  lead 
with  3  At.  of  the  protoxide. — 2.  By  fusing  the  hydrated  compound.—* 
Greenish-yellow,  with  a  laminar  texture;  yields  a  pale  yellow  powder* 
(Dobereiner.)-H3.  Hydrated,  PbCl,  3PbO  -h  HO,  or  Quadrobanc  Hydro- 
chlorate  of  Lead-oxide,  4PbO,  HCl. — 1.  By  decomposing  chloride  of 
lead  with  an  aqueous  alkali.  Berzelius  precipitates  an  aqueous  soln* 
tion  of  chloride  of  lead  with  ammonia. — 2.  By  precipitating  subacetate 
of  lead-oxide  with  a  solution  of  common  salt.  (Berzelius.) — 3.  By 
decomposing  a  solution  of  common  salt  with  lead-oxide.  Soheele  has 
shown  that  soda  may  be  separated  from  salt  by  this  process.  Accord- 
ing to  Vauquelin  {Sch.  •/.  4,  51),  I  part  of  common  salt  requires  7  parts 
(rather  more  than  4  At.)  of  finely  pounded  litharge.  The  mixture 
worked  ap  with  water  to  a  thick  pulp,  turns  white  and  thickens,  the 
lead-oxide  swelling  up;  hence  it  is  necessary  to  add  repeatedly  fresh 
quantities  of  water  and  work  the  mixture  up  again.  On  diluting  with 
water  after  four  days,  and  filtering,  the  filtrate  is  found  to  contain 
nothing  but  caustic  soda  with  a  small  quantity  of  chloride  of  lead  dissolved 
in  it;  but  no  common  salt. — According  to  later  experiments  of  Anthon 
{Bepert,  77>  105),  the  chloride  of  sodium  is  but  half  decomposed,  even 
when  ten  times  its  weight  of  lead-oxide  is  used,  and  the  mixture  is  left  to 
stand  for  12  days  and  frequently  agitated.  White  flooculent  mass,  which 
when  heated  gives  off  7  per  cent,  of  water,  and  is  converted  into  PbCl, 
3PbO.  Acids  dissolve  out  the  oxide  of  lead,  and  leave  the  chloride.  The 
compound  is  almost  wholly  insoluble  in  water,  slightly  soluble  in  caustic 
soda.  (Vauquelin.) 

e,  rbCl,  5PbO. — By  fusing  1  atom  of  chloride  of  lead  with  5  atoms  of 
the  protoxide. — Orange-yellow  substance,  yielding  a  powder  of  a  deep 
yellow  colour.  (Dbbereiner.) 

/.  Cassel-yellow. — Commonly  prepared  by  fusing  a  mixture  of  1  part 
of  sal-ammoniac  with  about  10  parts  of  massicot,  minium,  or  white  lead. 

l2 


148  LEAD, 

Part  of  the  sal-ammoniac  sublimes  undeeomposed,  so  that  the  compound 
contains  about  7  At.  lead-oxide  to  1  At.  chloride.  Part  of  the  lead  is 
at  the  same  time  reduced  bj  the  ammonia.  The  compound  has  a  fine 
fellow  colour^  and  crystallizes  in  radiated  lamina). 

C.  Chlorite  op  Lead-oxide,  or  Lkad-chlorite. — By  precipitating 
chlorite  of  baryta  which  contains  a  large  quantity  of  free  chlorous  acid 
and  is  in  excess,  with  mononitrate  of  lead-oxide,  and  washing  the  preci- 
pitate with  water.  An  excess  of  lead-nitrate  would  partially  dissolve  the 
precipitate. — Sulphur-yellow,  crystalline  scales.  Decomposes  at  126^ 
with  a  kind  of  explosion.  Sets  fire  to  flowers  of  sulphur  which  are  tritu- 
rated with  it  by  means  of  a  glass  rod.  Blackens  at  first  in  hydrosulphuric 
acid  gas,  then  immediately  turns  white  by  conversion  into  sulphate  of 
lead-oxide.  With  a  mixture  of  equal  parts  of  water  and  oil  of  vitriol,  it 
evolves  pure  chlorous  acid  gas,  especially  between  40°  and  50°,  and  yields 
88' 75  per  cent,  of  lead-sulphate.  (Millon,  iV.  Ann.  Chim.  Phys,  7,  327.) 

QyttalUzed,  Millon. 

Pb   1120      ....      65-34        65-39 

•     C10»    59-4       ....       34-66 

PbO,ClO>  171-4      ....     10000 

D.  Chlorate  of  Lead-oxide. — By  dissolving  lead-oxide  in  aqueous 
chloric  acid,  the  salt  is  obtained  in  white  shining  laminse,  the  solution  of 
which  is  colourless,  has  a  rough,  sweet  taste,  and  does  not  redden  litmus. 
(Vauquelin,  Jnn.  Chim.  95, 127.) — IT  By  cooling  a  hot  solution  of  this  salt, 
rhomboidal  prisms  are  obtained,  which  become  dull  and  opaque  by 
exposure  to  the  air.  They  are  composed  of  PbO,  CIO*  H- HO.  They  do 
not  deliquesce,  but  are  easily  soluble  in  water  and  in  alcohol.  When 
heated,  they  leave  an  oxychloride  of  lead,  of  yellow  colour  and  having 
the  constant  composition  :  PbO,  2PbCl.  (Wachter,  A  nn,  Pharm.  52, 
233.)  ^ 

E.  Perchlorate  of  Lead-oxide.— The  solution  of  lead-oxide  in 
warm  aqueous  perchloric  acid  yields  small  prisms  having  a  sweet  but 
highly  astringent  taste,  soluble  in  about  their  own  weight  of  water,  and 
not  deliquescent.  (Serullas,  Anti.  Chim.  Phys,  46,  dOO.) 

F.  Chlorocarbonatb  of  Lead. — Found  native  as  Horn-lead,  or 
Corneous  lead-ore. — Square  prisms.  Fig.  28,  32,  33,  39,  and  other  forms; 
p  :  e=123®  6'  (Brooke).  Specific  gravity=6-06.  Harder  than  gypsum; 
colourless  and  translucent. — When  1  At.  carbonate  of  lead-oxide  is  boiled 
with  1  At.  (or  more^  chloride  of  lead  and  with  water,  the  chloride  is 
rendered  insoluble  oy  combining  with  the  carbonate. — White,  heavy 
powder. — Both  the  natural  and  the  artificial  compound  fuse  very  easily, 
and  at  a  higher  temperature  are  converted,  with  ebullition  and  loss  of 
7*75  per  cent,  of  carbonic  acid,  into  the  oxychloride  of  lead  b.  (Dobe- 
reiner,  Schto,  17,  251;  Berzelius,  iSyst.  d.  Mineral.  241.) 

i 

Klaproth's  analysis 
Horn-had.  (recalculated.) 

PbCl   139*4         ....         50'99         53-83 

PbO    112-0         ....         40-96         42-90 

CO*     22-0        ....  8-05         6-00 


PbCl,PbO,CO» 273-4        ....       10000        102-73 
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G.  Chlorophosphite  of  Lead. — Lead-salts  added  to  terchloride  of 
phosphorus  dissolved  in  water  and  neatralized  with  an  alkali^  throw 
down  a  compound  of  phosphite  of  lead-oxide  and  chloride  of  lead^  from 
which  hoiling  water  extracts  the  latter.  (Berzelius.) 

H.  Chlorophosphatb  op  Lead.  — PbCl-f  3(3PbO,cPO*.) — To  this 
head  belongs  Pyromarphite  {Green  Lead-ore  or  Brown  Lead  ore). 
Crystalline  system,  the  hexagonal.  Fig,  131,  135,  137,  138,  and  other 
forms.  r:r*=8r4e';  r:«r=130''  53'.  Cleavage  imperfect,  parallel  to 
r  and  a  (if  any).  Sp.  gr.  =6 '9. ...7*0.  Hardness  equal  to  that  of  apatite. 
Variously  coloured;  with  a  fatty  lustre;  translucent.  Fuses  easily,  and,  on 
cooling,  solidifies  with  vivid  incandescence  to  an  angular  crystalline  mass. 
Fused  with  carbonate  of  soda  upon  charcoal,  it  yields  metallic  lead.  Its 
solution  in  nitric  acid  gives  a  turbidity  with  nitrate  of  silver-oxide.  In 
some  of  these  ores,  the  chloride  of  lead  is  partly  replaced  by  fluoride  of 
calcium,  and  the  triphosphate  of  lead-oxide  by  triphosphate  of  lime  or 
trisarseniate  of  lead-oxide.  The  calcareous  ores  may  (with  Fuchs)  be 
regarded  as  mixtures  of  Apatite  and  Pyromorphite.  The  arsenical 
ores  fuse  upon  charcoal  before  the  blowpipe  and  yield  metallic  lead. 
(H.  Rose.) 

Wi^hler. 


PyromorphiU. 

a. 

6. 

c. 

d. 

lOPbO 

11200    .... 

8226 

82-29 

....     80-55 

....     82-46     .... 

75-59 

Cl-0 

27-4     .... 

2-01 

1-98 

....       1-99 

....       1-95     .... 

1-89 

3cP0* 

214-2     .... 

15-73 

15-73 

....     14-13 

....     15-50     .... 

1-32 

AbO*    

....       2-30 

....     trace     .... 

21-20 

Fe20«  

trace 

trace 

....     trace     .... 

trace 

CaO 

•  ■•• 

1361-6     .... 

100*00 

•  ••• 

100-00 

....     98-97 

....     99-91     .... 

Kersten. 

10000 

Or: 

e. 

/. 

9- 

PbCl 

....       139-4 

....       10-24 

•  ■•• 

1009      .... 

1008 

9  92 

CaP 

>■  *• 

•  ••• 

•  ■  ■  • 

•  •■• 

013       .... 

0-14 

3(3Pb0.cPO«)     1222-2 

....      89-76 

•  ••• 

89-91       .... 

8911       .... 

8917 

3CaO,cPO* 

!••• 

•  •«• 

•  ••• 

•••• 

0-68 

0-77 

Fc«oa   

•  •• 

•  •■• 

•  ■•• 

trace 

1.361-6 

....     10000 

....     ] 

lOO'OO      .... 

100-00       .... 

100-00 

Kersten. 

h 

• 

t. 

*.    ^ 

PbCl    

9-66      .... 

10-64 

....       10-84 

CaF 

0-22       .... 

0-25 

1-09 

3(3PbO,cPO*)   .... 

89-27       .... 

81-65 

....       77-02 

3CaO,cPO*. 

0'85 

7-46 

1105 

Fe^O»  

•  »■  ■ 

trace 

10000 


100-00 


100-00 


a.  is  Green  Lead-ore  from  Tschoppau. — 6.  White  variety  from  Tschop- 
pau. — c.  Ore  from  Leadhills,  in  aurora-red  hexagonal  prisms. — d.  Ore 
from  Johann  Georgenstadt,  in  wax-yellow,  acuminated  prisms.  (Wbhler.) 
— e.  Crystallized  Brown  Lead-ore  from  Poullaouen.— ;^'.  The  same  from 
Englana. — g.  The  same  from  Bleistadt,  of  specific  gravity  7 '009. — h.  The 
same  from  Mies,  of  specific  gravity  6*983. — i,  Botrymous  Brown  Lead- 
ore  from  Mies,  of  specific  gravity  6*444. — k.  Botrymous  Brown  Lead- 

from  the  Sonnenwirbel  mine  near  ji'roiberg,  of  specific  gravity  G'0D2. 


ore 
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^reithaiipt*0  PolytpkerUe.)  (Karsten,  Sekw.  62,  1.)  — I"  Breitbanpt'a 
Medyphane^  from  Longbanshyttan^  of  specific  grayitj  5*496,  Kersten  found 
PbCl  10-29,— 3CaO,PO*  15-51,— 3CaO,A80*  12-98,— 3PbO,AsO*  6010 
(loss  1-12). — In  an  orange-yellow  phosphate  of  lead  from  Wanlockhead 
Vernon  {PhU.  Mag.  Ann.  1,  321;  also  Schw.  52, 187)  found:  PbCi  1007, 
3PbO,cPO*87-66,— PbO,CrO'  1-20,— lime,  silica,  ferric  oxide,  water  and 
combustible  matter,  0-40. 

IT  The  same  compound,  containing,  however,  an  atom  of  water,  is 
formed  artificially  on  pouring  aboiliug  solution  of  chloride  of  lead  into  a 
solution,  likewise  boiling,  of  phosphate  of  eoda,  the  latter  being  in 
excess.  The  precipitate  is  insoluble  in  water,  but  dissolves  in  nitric 
acid,  which  converts  it  into  the  phospho-nitrate  of  lead-oxide  discovered  by 
Berzelius  (p.  1 58).  The  composition  of  the  precipitate  is:  3(3PbO,PO*)  -h 
PbCl-fHO.  (Heintz,  Pogg.  73,  122.)— When,  on  the  contrary,  a  boiling 
solution  of  phosphate  of  soda  is  poured  into  an  excess  of  chloride  of  lead, 
a  precipitate  is  formed,  which,  according  to  Heintz,  is  composed  of 
2(3PbO,PO»)-|-PbCl),  but,  according  to  Qerhardt  {N.  Ann.  Chim.  Phys. 
22,  505),  of  2PbO,HO,PO»-f  PbCl.  The  same  compound  may  be  formed 
when  a  phosphate  is  precipitated  by  a  lead-solution  in  presence  of  a 
soluble  chloride.  IT 

I.  ChIiORosulphidb  of  LEAD.^When  a  lead-salt,  e.g,  aqueous  chloride 
of  lead,  is  precipitated  by  a  mixture  of  sulphuretted  hydrogen  water 
and  hydrochloric  acid,  there  is  produced,  first  a  yellowish-red  and  then  a 
red  precipitate  containing  about  56  per  cent.  (3  At.)  of  sulphide  and  44 
per  cent.  (2  At.)  of  chloride  of  lead.  An  excess  of  sulphuretted  hydro- 
gen water  turns  it  black  and  converts  it  into  pure  sulphide  of  lead ;  the 
same  change  is  produced  by  boiling  with  water,  which  extracts  the  chlo- 
ride; the  compound  is  also  blackened  by  potash,  which  extracts  the 
chlorine.  (Hiinefeld,  J.  pr.  Ohem,  7,  27.)— When  sulphuretted  hydrogen 
is  passed  through  a  solution  of  ^  pt.  lead-acetate  in  100  parts  of 
water  mixed  with  10  parts  of  hydrochloric  acid  of  specific  gravity 
1*168,  a  beautiful  carmine-coloured  precipitate  of  chlorosulphide  of  lead 
is  produced.  If  the  solution  contains  1  part  of  lead-acetate,  112  parts 
of  water,  and  14  of  strong  hydrochloric  acid,  sulphuretted  hydrogen  pro- 
duces a  yellow  precipitate,  which  gives  up  ^chloride  of  lead  to  boiling 
water,  while  black  protosulphide  of  lead  remains  behind. — If,  instead  of 
14  parts  of  strong  hydrochloric  acid,  we  use  14  parts  of  a  mixture  of 
2  parts  of  strong  hydrochloric  and  1  pt.  nitric  acid,  prepared  two 
days  before  and  containing  hyponitric  acid,  the  sulphuretted  hydrogen 
produces,  after  a  while,  first  a  yellowish-red  and  then  a  cinnabar- 
red,  granular  precipitate.  (If  the  stream  of  sulphuretted  hydrogen 
were  continued  for  a  longer  time,  the  precipitate  would  become  first 
carmine-coloured,  then  brown,  and  lastly  black.)  The  granular  pre- 
cipitate, when  boiled  with  water,  gives  up  a  considerable  quantity  of 
chloride  of  lead,  and  is  converted  into  a  brown-red,  flocculent  powder 
which  then  undergoes  no  further  change,  but  when  heated  alone  in  a 
glass  tube,  gives  off"  sulphur  and  hydrosulphuric  acid,  and  fuses  to  a 
brown  mass.  According  to  this  reaction,  the  hyponitic  acid  must  have 
precipitated  sulphur  from  the  hydrosulphuric  acid,  and  the  red  precipitate 

^.^.STP?'^"^  ^^  chloride  with  polysulphide  of  lead.  (Reinsch,  EeperL 
56,  183;  J.pr.  Chem.  13,  130.)  ^  ^ 

K.  CHLOEOBiTLPHAra  OP  Lbad.  —  1  At.  chloride  of  lead  fuses  readily 
with  1,  2,  or  4  At.  anlphate  of  lead-oxide,  forming  a  thin  liquid.     With 


LEAD  AND  FLUORINE.  151 

1  At.  lead-sulphate^  a  whiter  crystalline,  slightly  blistered  enamel  is 
obtained ;  vith  2  or  4  At.  the  enamel  is  slightly  crystaUine.  (Berthier^ 
Ann.  Ckim.  Phyn,  43,  298.) 

L.  Chloriodide  of  Lead. — Cold  hydrochloric  acid  has  no  sensible 
action  on  iodide  of  lead;  the  same  acid,  when  boiling,  dissolves  the 
iodide,  forming  a  pale  reddish-yellow  solution,  and  on  cooling  yields 
pale  yellow  four^sided  needles,  ^om  which  water  gradually  extracts  the 
chloride  of  lead.  (Labour^,  if.  /.  Pkarm.  4,  828.) 

Lead  akd  Fluobins. 

A.  Fluoride  of  Lead. — Lead  is  not  attacked  by  hydrofluoric  acid 
at  any  temperature  below  the  boiling  point  of  that  acid.  (Gay-Lussac  & 
Thenard.) — The  fluoride  is  formed  by  precipitating  the  subacetate  or 
normal  acetate  of  lead-oxide  with  hydrofluoric  acid  (Scheele,  Gay-Lussac 
&  Th^nard^,  or  by  treating  carbonate  of  lead-oxide  with  hydrofluoric 
acid  (Berzelius),  or  with  an  alkaline  hvdrofluate.  (Scheele.) — ^White,  non- 
crystalline powder  (Scheele),  which  /uses  readily  and  then  solidifies  in  a 
yellow  mass.  (Berzelius.) — Not  decomposed  by  heating  in  closed  yessels, 
but  eyolyes  hydrofluoric  acid  when  heated  in  contact  with  air  or  vapour 
of  water.  (Berzelius.) — When  heated  with  sulphur  in  a  glass  retort,  it 
yields  sulphide  of  lead,  sulphurous  acid  gas,  and  gaseous  flaoride  of 
silieium.  Phosphorus  and  iodine  scarcely  act  upon  it.  (Unverdarben, 
iV,  Tr.  9,  1,  33.) — Oil  of  vitriol  separates  hydrofluoric  acid  from  it,  even 
at  ordinaiy  temperatures.  (Oay-Lussac  &  Thenard.)  Aqueous  ammonia 
withdraws  from  it  a  quantity  of  acid  just  sufficient  to  convert  it  into  the 
following  compound.  Fluoride  of  lead  is  very  sparingly  soluble  in  water  and 
not  more  abundantly  in  aqueous  hydrofluoric  acid  (Berzelius,  Fogg,  l,  31); 
it  dissolves  more  abundantly  in  hydrochloric  and  in  nitric  acid  (Gay-Lussao 
&  Thenard),  and  is  decomposed  on  the  evaporation  of  the  dissolving  acid. 
(Berzelius.) 

B.  OxYFLUORiDB  OF  Lead.-—1.  Formed  by  decomposing  fluoride  of 
lead  with  aqueous  ammonia. — 2.  By  fusing  the  fluoride  of  an  alkali-metal 
with  lead-oxide,  and  washing  the  pulverized  mass  with  water;  the  oxy* 
fluoride  is  then  left  undissolved. — Has  an  astringent  taste.  Dissolves  in 
pure  water  after  removal  of  the  saline  liquid.  The  solution,  when  ex- 
posed to  the  air,  deposits  a  crust  consisting  of  carbonate  of  lead-oxide 
and  fluoride  of  lead.  (Berzelius.) 

C.  Borofluoride  of  Lead. — PhFjEP*. — Formed  by  adding  carbo- 
nate of  lead-oxide  in  small  portions  to  tetra-hydrofluate  of  boracic  acid, 
till  a  precipitate  is  formed.  The  solution,  evaporated  to  a  syrup  and 
then  cooled,  deposits  long  needles;  but  by  slow  evaporation,  iour-sided 
prisms  or  tables  are  obtained.  Taste,  sweet  and  astringent,  afterwards 
somewhat  sour.  By  continued  boiling  with  water  or  alcohol,  it  is  resolved 
into  an  ctdd  salt  which  dissolves,  and  a  bcuic  salt  which  remains  behind 
and  forms  a  white  powder.  Another  easily  fusible  basic  compound  is 
obtained  by  heating  the  borofluoride  of  lead  with  lead-oxide.  (Berzelius.) 

D.  Chlorofluoridb  of   Lead.  —  PbCl,PbF 1.  By  precipitating 

aqueous  fluoride  of  sodium  with  a  boiling  aqueous  solution  of  chloride  of 
lead. — 2.  By  precipitating  an  aqueous  solution  of  2  parts  of  fluoride  of 
sodium  and  3  parts  of  common  salt  with  sojpBur-of-leaa. — ^White  powder 
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which  fuses  when  heated,  without  giving  off  water  or  acid.  Slightly 
soluble  in  water,  and  without  alteration  of  the  proportion  of  the  consti- 
tnents  in  the  residue.     Easily  soluble  in  nitric  acid.  (Berzelius.) 

Lead  aiyd  Nitrogen. 

A.  Nitrite  of  Lead-oxide,  or  Lead-nitrite. — a,  Quadrobadc, — 
Formed  by  boiling  1  part  of  mononitrate  of  lead-oxide  and  \\  parts  or 
more  of  metallic  lead  in  a  long-necked  flask  for  12  hours,  then  filtering 
and  leaving  the  salt  to  crystallize  by  cooling.  (Berzelius,  Gilb.  40,  194 
and  200;  46,  156;  Chevreul,  Ann.  Chim,  83,  72;  abstr.  Gilb.  46,  176.) 
As  the  ebullition  goes  on,  the  solution  first  turns  yellow,  in  consequence 
of  the  formation  of  the  yellow  salt  B,  6,  but  afterwards  becomes  colourless 
and  yields  the  required  salt.  (Chevreul.)  If  the  boiling  be  not  continued 
long  enough  to  convert  all  the  nitrate  into  this  compound,  brick-red 
needles  are  obtained  contaminated  with  the  salt  B,  a.  (Chevreul,  Peligot.) 
—According  to  Berzelius  and  Chevreul,  the  formation  of  the  salt  tokes 
place  even  when  the  air  is  completely  excluded,  and  is  attended  with 
some  evolution  of  nitric  oxide.  The  reaction  is  probably,  therefore,  ks 
follows : 

5PbO,NO»  +  llPb  =  4(4PbO,NO»)  +  NO». 

According  to  this  view,  11 .  104  pts.  (1 1  At.)  lead  re-act  upon  5 . 1 66  pts.  (5  At.) 
nitrate  of  lead-oxide =100  :  138  parts.  Accordiug  to  ChcTrenl,  100  parts 
of  lead-nitrate  take  up,  after  long  boiling,  1 35  parts  of  lead,  and,  accord- 
ing to  Berzelius,  127  parts,  which  is  in  accordance  with  the  preceding  for- 
mula. 830  parts  of  the  neutral  salt  should,  according  to  the  formula,  yield 
1980  parts  of  quadrobasic  nitrate;  Chevreul  obtained  about  1797  parts. 

Pale,  flesh-coloured,  silky  needles  united  in  stellate  masses  (Chevreul); 
pale  rose-coloured  needles,  or — if  the  solution  be  rapidly  cooled — a 
white  powder  (Peligot);  sometimes  also  of  a  light  greenish-brown 
colour.  (Bromeis.)  This  salt  has  a  strong^  alkaline  reaction.  In  the 
dry  state  it  is  permanent  in  the  air. — Does  not  give  up  its  water 
till  heated  above  100°.  Loses  a  small  portion  of  its  acid  at  100°, 
and  the  whole  at  a  red  heat  (Chevreul),  the  decomposition  taking 
place  without  fusion.  (Berzelius.)  If  part  of  the  oxide  be  precipitated 
from  the  solution  by  sulphuric  or  carbonic  acid,  the  liquid  turns  yellow; 
from  100  parts  of  the  dissolved  salt,  carbonic  acid  gas  precipitates  34'8 
parts  of  lead-oxide.  (Chevreul.)  On  dissolving  the  salt  in  cold  nitric 
acid  or  in  strong  acetic  acid,  the  acid  being  added  gradually  so  that  no 
heating  may  take  place,  a  yellow  liquid  is  obtained  without  any  evolution 
of  gas.  The  acetic  acid  solution  of  100  parts  of  the  salt,  shaken  np  with 
peroxide  of  lead,  takes  up  49*5  parts,  the  nitrite  of  lead-oxide  being 
converted  into  nitrate.  (Peligot.)  The  salt  dissolves  in  143  parts  of 
water  at  25°,  in  33  parts  of  boiling  water  (Chevreul);  in  1250  parts  of 
cold,  and  3*45  of  boiling  water.  (Peligot.) 

Berzelius.  Peligot.          CheTreul. 

4PbO 448     ....     90*50     ....       9038       ....  9052       ....       901 

NO»  38     ....       7-68     ....         7-74       ....  9-31       ....         9*9 

HO    .,  9     ....       1-82     ..,.         1-88       ....         1-93 

4PbO,NO»  +  Aq.       495     ....  10000     ....     10000      ....     101*76      ....     1000 

Peligot  found  in  the  salt  3*43  per  cent,  of  nitrogen,  which  gives  9*31 
nitrous  acid  (14:38=3*43  :  8*3]  )• 
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IT  h,  Terhasie  ?  Formed,  according  to  Bromeis  {Ann.  Fhai^m.  72, 50), 
by  boillDg  the  orange-red  salt,  B,  a,  for  several  hours  in  contact  with 
metallic  lead.  Crystallizes  in  needles  arranged  in  small  concentric  groups, 
sometimes  of  a  brick-red  colour,  sometimes  green  and  highly  lustrous, 
sometimes  exhibiting  various  shades  between  these  two  colours.  The 
amount  of  lead  in  this  salt  was  found  to  vary  from  89  57  to  89 '34  per 
cent.,  that  of  nitrogen  from  d'92  to  3*56,  and  that  of  water  from  0*93  to 
0*35.  Bromeis  regards  it  as  an  anhydrous  trinitrite.  Gerhardt  is  of 
opinion  that  the  variable  quantities  of  water  found  by  Bromeis  show  that 
the  substance  which  he  examined  was  not  a  pure  salt. 

c,  Bibasic. — Formed  by  boiling  the  bibasio  hyponitrate,  B,  6,  for  a 
short  time  with  metallic  lead.  As  the  liquid  cools,  the  salt  deposits 
itself  upon  the  hyponitrate  in  rather  long  golden-yellow  needles,  having 
the  form  of  rectangular  prisms  terminated  with  rhombic  pyramids,  at  the 
extremities  of  which  re-entering  angles  occur,  in  consequence  of  the 
formation  of  macle-crystals.  (Bromeis!)  IT 

2PbO  224    .... 

NC     38    .... 

HO     9     .... 


Bromeis. 

82*65 

82*45      —      82-47 

14*02 

12*92      —       13*71 

o  vO            .... 

3*87      —        3*53 

2FbO,NO'+Aq.      271     ....  100*00        99*24      —      9971 

J.  Jfanobasic. — Formed  by  passing  carbonic  acid  gas  through  a 
solution  of  a  in  hot  water — whereby  three-fourths  of  the  lead-oxide  is 
precipitated — ^and  leaving  the  yellow  filtrate  to  evaporate  spontaneously 
(Chevreul),  or  in  vacuo.  (Peligot.)  If  the  liquid  be  heated,  nitrous  acid 
is  given  off.  (Chevreul.)  Long  yellow  prisms  (Peligot) j  yellow  laminsB. 
(Chevreul).  Very  easily  decomposed;  very  soluble  in  water.  (Peligot, 
Ann.  Chim,  Phys.  77,  87;  also  Ann.  Fkarm.  39,  338.) 

B.  Hyponitrate  op  Lead-oxide,  or  Lead-hyponitrate. — a.  7  At, 
base  to  2  At.  acid,  or  Quadrohasicl — 1.  By  boiling  the  solution  of  B,  h 
with  lead-oxide. — 2.  By  boiling  166  parts  (1  At.)  of  lead-nitrate  with 
156  parts  {\\  At.)  lead  and  a  very  large  quantity  of  water,  and  leaving 
the  yellow  filtrate  to  crystallize  by  cooling.  In  this  process,  nitric  oxide 
gas  is  always  evolved.  With  more  than  2  atoms  of  lead  and  longer 
boiling,  a  colourless  solution  of  quadrobasic  nitrite  is  obtained;  and  by 
boiling  for  a  shorter  time  only,  a  pale  yellow  liquid,  which  on  cooling 
deposits  a  mixture  of  the  salts  B,  a  and  B,  &;  these  may  be  separated  by 
boiling  water,  which  extracts  the  latter.  (Peligot.)  If  the  salt  be 
regarded  as  quadrobasic,  the  formula  of  its  production  may  be  as  follows : 

3(FbO,NO»)  +  5Pb  =  2(4PbO,NO^)  +  N02j 

With  regard  to  Peligot's  assumption  that  the  salt  contains  ^  At.  acid,  it  is 
not  easy  to  devise  a  formula  which  shall  express  the  mode  of  formation. 
Orange-yellow  prisms  which  retain  their  water  till  heated  above  100*^. 
They  dissolve  in  concentrated  acetic  acid  without  evolution  of  gas,  pro- 
vided the  acid  be  gradually  added,  so  that  no  heating  may  take  place. 
The  yellow  solution  of  100  parts  of  this  salt  dissolves  27  parts  of 
peroxide  of  lead,  with  decoloration  of  the  liquid  and  formation  of  nitrate 
of  lead-oxide.  By  decomposing  the  salt  with  baryta-water,  we  obtain 
nitrate  and  nitrite  of  baryta.  The  crvstals  dissolve  in  1250  parts  of  cold 
and  in  34  parts  of  boiling  water.  (Peligot.) 
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7PbO 

2NO* 

3HO  

CryfialUged. 
Calculation  1. 
784      ....      86-82 
92      ....       10*19 
27      ....        2-99 

Pdigot, 
86-64 
10-41 
3-03 

7FbO,2NO*  +  3Aq. 

4PbO 

NO  

2HO 

903 

> •* 

....     100-00        

Calculation  2. 

448        87-50 

46        8-98 

18         3-52 

100-08 

4PbO,NO^  + 

2Aq. 

512         

10000 

Peligot  fonnd  9*17  per  cent,  of  nitrogen,  which  corresponds  to  10*41 
hyponitric  acid.  (14  :  46=3-17  :  10*41.) — Berzelius,  by  boiling  1  part  of 
lead-nitrate  with  \\  pt.  lead-foil  and  50  water,  for  a  long  time,  and 
leaving  the  liqnid  to  cool,  obtained  sometimes  crystals  of  the  pale  red 
salt  A,  a,  sometimes  brick-red  needles.  The  latter  are  formed  when  the 
boiling  is  not  continued  long  enough,  and  consist,  according  to  Peligot, 
of  the  pale  red  salt  A,  a,  and  the  orange-yellow  salt  B,  a,  which,  being 
soluble  in  different  degrees,  may  be  partly  separated  by  digestion  in  a 
quantity  of  water  not  sufficient  to  dissolve  the  whole.  By  heating  1  part 
of  lead-nitrate  with  1^  parts  (2  At.)  of  lead  and  50  of  water,  till  the  lead 
is  completely  dissolved,  Berzelius  obtained  a  solution  which  yielded 
brick-red  scales  on  cooling,  and,  on  evaporating  the  mother-liquid,  the 
same  salt  was  obtained  in  brick-red,  fern-like  tufts,  together  with  the 
yellow  salt  B,  6. 

IT  According  to  Bromeis,  there  are  likewise  two  other  orange-coloured 
salts  formed  by  boiling  lead-nitrate  with  metallic  lead;  viz,  (I)  a 
compound  of  a  nitrate  and  a  hyponitrate,  composed  of  4PbO,NO*+ 
3PbO,NO'^  +  3HO,  or  PbO,NO*+6PbO,NO*-f  3H0;  this  salt  crjrstallizes 
in  orange-red  prisms  destitute  of  lustre;  (2)  a  compound  of  a  nitrite  and  a 
hyponitrate,  whose  formula  is  3PbO,NO'-f4PbO.NO*  +  3HO,  and  which 
crystallizes  in  orange-red  prisms  more  lustrous  than  the  salt  B,  a,  and 
having  a  greater  number  of  facets.  The  analyses  of  the  three  orange-red 
salts,  however,  approach  so  near  to  each  other  that  it  is  difficult  to 
believe  that  the  salts  are  really  different,  or  to  attribute  the  slight 
variations  observed  to  anything  but  accidental  impurity.  The  greatest 
differences  iu  the  amount  of  lead  were  between  86*02  and  87'72  per  cent. 
{Comp.  Gerhardt,  Compt.  re}id,  trav ,  Chim,  6,  166.)  IT 

h,  Bibasic. — First  obtained  by  Proust,  who  regarded  it  as  a  nitrate  of  a 
suboxide  of  lead;  Berzelius  regarded  it  as  a  bibasic  nitrite  of  the  protoxide. 
— An  aqueous  solution  of  100  parts  (1  At.)  of  lead-nitrate  heated  for 
some  hours  to  a  temperature  been  70^  and  75®,  with  78  parts  (rather 
more  than  1  At.)  of  lead-foil,  acquires  a  yellow  colour,  and  deposits 
yellow  scales  of  this  salt  as  it  cools.  The  action  begins  between  50"^  and 
55'',  but  is  quicker  between  70°  and  75°;  above  80°,  a  portion  of  the 
salt  is  decomposed,  with  evolution  of  nitric  oxide  gas.  On  the  first 
application  of  the  heat,  crystals  of  dinitrate  of  lead-oxide  are  likewise 
deposited.  (Berzelius.)  Peligot  takes  63  parts  (1  At.)  of  lead  to  100 
parts  (1  At.)  of  the  nitrate: 

PbO,NO»  +  Pb  =  2PbO,NO*. 

If,  from  the  presence  of  too  much  lead,  and  from  too  long  boiling,  the 
crystallized  salt  has  become  contaminated  with  orange-yeUow  scales  of 
the  salt  B,  a,  Peligot  treats  it  with  a  small  quantity  of  hot  water  in 
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which  the  yeUow  salt  B,his  more  soluble,  and  leaves  it  to  crystallize. — 
Gheyreal  boils  the  aqueous  solution  of  1^-nitrate  with  excess  of  lead 
only  till  the  liquid  turns  yellow;  he  states^  however,  that  this  process 
does  not  yield  a  pure  salt,  dinitrate  of  lead-oxide  becoming  mixed  with 
it  if  the  boiling  be  not  continued  long  enough,  and  quadrobasio  nitrite  if 
it  be  kept  up  too  long.  According  to  Berzelius,  78  parts  of  lead  and  100 
of  nitrate,  yield,  after  complete  solution  of  the  lead,  nothing  but  the 
yellow  salt,  quite  unmixed  with  the  brick-red  salt;  according  to  Peligot, 
on  the  contrary,  the  salt  B,  a  becomes  mixed  with  it,  even  when  these 
proportions  are  used.< — 2.  If  the  vapours  evolved  on  heating  fuming 
nitric  acid  are  passed  into  water  containing  finely  divided  lead-oxide,  the 
oxide  turns  white,  and  afterwards  dissolves  completely,  forming  a  deep 
yellow  liquid,  which,  on  evaporation,  yields  a  large  quantity  of  silky 
scales  of  nitrite  [or  hyponitrate?]  of  lead-oxide,  together  with  a  small 
quantity  of  nitrate.  (Fritzsche,  J.  pr,  Chem,  19,  179.) 

Yellow,  shining  laminsD  and  long  flat  needles.  They  blue  reddened 
litmus  (Berzelius),  have  a  slightly  sweet  and  astringent  taste  (Chevreul), 
and  exhibit  two  axes  of  double  refraction.  (Herschel.)  The  salt  does 
not  part  with  its  water  till  heated  above  100"^.  (Peligot.)  Gives  off  a 
portion  of  its  acid  at  100^,  and,  at  a  stronger  heat,  becomes  pasty  and 
darker  in  colour.  (Chevreul.)  When  heated,  it  gives  off  aqueous  acid 
and  red  vapours,  but  without  fusing.  (Berzelius.)  Evolves  red  vapours 
when  heated  with  stronger  acids.  (Berzelius,  Chevreul.)  It  dissolves  in 
cold,  strong  acetic  acid,  forming  a  yellow  solution,  and,  without  decom- 
position, if  the  acid  be  added  gradually  so  as  not  to  occasion  rise  of 
temperature.  100  parts  of  the  salt  dissolved  in  acetic  acid  dissolve 
44  parts  of  peroxide  of  lead.  On  decomposing  it  with  baryta- water, 
nitrite  and  nitrate  of  baryta  are  obtained.  (Peligot.)  When  the  salt 
obtained  by  (1)  is  dissolved  in  boiling  water,  yellow  laminsB  separate  out 
as  the  liquid  cools;  the  mother-liquid,  if  evaporated  and  cooled,  yields  pale 
yellow  scales  and  finally  white  granular  crystals  together  with  yellow 
ones;  the  mother-liquid,  after  a  portion  of  the  lead-oxide  has  been 
precipitated  by  passing  carbonic  acid  through  it,  is  likewise  found  to 
contain  nitrate  of  lead-oxide.  (Chevreul.) — The  salt  dissolves  in  80  parts 
of  water  at  25"^,  and  in  10*6  parts  of  boiling  water,  the  yellow  solution  is 
rendered  turbid  by  carbonic  acid.  (Chevreul.)  The  solution,  after  very 
long  boiling  with  lead-oxide,  which  immediately  becomes  whitish  and 
flocculent,  yields  the  pale-red  salt  A,  a.  (Chevreul.) 

Peligot.              Berzelius.  Chevreul. 

2PbO  224     ....     80-28         ....         79-90  ....         800  ....  8000 

NCH 46    ....     16-50        ....         16-33  NO*       13-6  ....  17-16 

HO , 9     ....       3-22         ....           3-33  ....           64  ....  2*84 

2PbO,NO<  +  Aq.     279     ....  10000         Z.         99*56        Z       100*0      ....     lOO'OO 

Peligot  found  in  the  salt  4*97  per  cent,  of  nitrogen. 

Berzelius  decomposed  the  solution  of  the  bibasic  salt  B,  h  with  a  quantity 
of  sulphuric  acid  just  sufficient  to  precipitate  half  the  lead-oxide,  and,  by 
evaporating  the  yellow  filtrate  in  vacuo,  obtained  lemon-yellow  octo- 
hedrons  containing  5*7  per  cent,  of  water;  these  crystals  he  regarded  as 
mononitrite  of  lead-oxide.  This  salt  is  regarded  by  Peligot  as  a  mixture 
of  mononitrite  and  mononitrate  of  lead-oxide. — Chevreul  passed  carbonic 
acid  gas  through  the  aqueous  solution  of  the  bibasic  hyponitrate  as  long 
as  lead-K)xide  was  precipitated.     The  filtrate,  when  evaporated,  gave  off 
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red  vapours^  and  yielded  white  needles  of  dinitrate  of  lead-oxide^  together 
with  yellowish-white  scales  containing  that  salt,  and  likewise  the  dini- 
trite  [hyponitrate];  afterwards  it  yielded  yellow  octohedrona  consisting 
of  dinitrite  [hyponitrate]  and  mononitrate  of  lead-oxide. 

IT.  Gerhardt  regards  the  two  salts  just  described,  not  as  hyponitrates, 
but  as  double  salts  composed  of  nitrates  and  nitrites.  In  fact,  on  adding 
a  solution  of  nitrate  of  silver- oxide  to  a  solution  of  the  bibasic  salt  just 
described,  an  iuHuediate  precipitate  of  nitrite  of  silver-oxide  is  obtained. 
^—According  to  this  view,  the  yellow  scales  first  formed  by  the  action  of 
metallic  lead  on  the  mononitrate,  are  composed  of  dinitrite  and  dinitrate 
of  lead-oxide; 

2(2PbO,NO*,HO)  «  2PbO,NO»,HO  +  2PbO.NO»,HO ; 

and  their  formation  may  be  represented  as  follows : 

2(PbO,NO«)+2Pb  +  2HO  =  2PbO,NO»,HO  +  2PbO,NO»,HO. 

If  the  action  of  the  metallic  lead  be  further  continued,  a  fresh  portion  of 
nitrate  is  de-oxidized,  and  the  result  is  the  orange-yellow  salt,  which  may 
likewise  be  regarded  as  a  double  salt  more  basic  than  the  former; 

7PbO,2NO*  =  4PbO,NO»  +  3PbO,NO». 

Finally,  by  the  continued  action  of  the  lead,  the  subnitrate  contained  in 
these  salts  is  reduced  in  its  tum^  and  one  or  other  of  the  subnitrites  A,  a, 
or  A,  c,  is  obtained.  {Compt  rend.  irav.  Chim,  6,  168.)  IT 

C.  Nitrate  op  Lead-oxide,  or  Lead-nitrate. — o.  JSexbasic. — Formed 
by  precipitating  the  mononitrate  with  ammonia,  and  digesting  the  washed 
precipitate  with  that  alkali  for  twelve  hours. — White  powder,  having  a 
slightly  astringent  taste. — When  moderately  heated  it  gives  off  water, 
and  assumes  a  yellow  colour,  but  becomes  white  again  on  cooling;  when 
ignited  it  yields  yellow  pulverulent  protoxide  of  lead.  It  is  nearly  inso- 
luble in  water.  (Berzelius.) 


6PbO     

672 

...       91-43 
...          7*35          .. 
1-22 

Berxeliiu. 
90*80 

NO* 

HO  

54 
9 

7-37 

....              L'oo 

6PbO,NO»  +  Aq.     

735 

...     10000 

....       100-00 

6.  Terhasic, — Trinitrate, — Formed  by  precipitating  a  solution  of  the 
mononitrate  with  a  slight  excess  of  ammonia,  digesting  in  a  close  vessel, 
adding  more  of  the  mononitrate  in  drops,  digesting  again,  again  dropping 
in  the  mononitrate, — and  so  on,  till  only  a  very  slight  excess  of  ammonia 
remains  in  the  liquid,  too  small  to  be  detected  by  its  odour,  and  only 
recognizable  by  the  fumes  which  it  gives  with  hydrochloric  acid.  The 
precipitate  is  then  washed  and  dried  out  of  contact  of  air. — White 
powder.  When  gently  heated,  it  gives  off  water  and  turns  yellow,  but 
becomes  white  again  on  cooling ;  when  more  strongly  heated  it  leaves 
protoxide  of  lead  in  the  form  of  a  lemon-yellow  powder.  Slightly  soluble 
m  pure  water,  but  insoluble  in  water  containing  in  solution  various  salts 
which  do  not  exert  a  decomposing  action  on  the  compound.  (Berzelius.) 

Berzelius. 

6PbO    672       ...       83-27         82-98 

2NO»    108       ...       13-38         13-52 

3HO 27       ...         3-35         3*50 

2(3PbO,NO»;  +  3Acj 807       ...     10000        ~.       100-00 
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c.  Bihasic, — DinitrcUe. — 1.  By  boiling  1  part  of  the  mononitrate  with 
1  part  of  lead-oxide  and  with  water,  then  iiltering,  and  leaving  the  solutioa 
to  crystallize.  (Chevreul,  Ann.  Chiin,  83,  70.) — 2.  By  heating  the  mono- 
nitrate with  white  lead  and  water,  filtering  at  a  boiling  heat,  and  leaving 
the  liquid  to  cool.  The  carbonic  acid  is  evolved  as  rapidly  as  if  free  nitric 
acid  were  present.  No  salt  containing  a  larger  excess  of  base  is  formed, 
even  if  the  white  lead  is  in  great  excess;  for  the  dinitrate  does  not 
decompose  white-lead.  (Pelouze,  Ann.  Chim.  Pkys,  79,  107;  also  J,  pr» 
Ckem.  25,  480'.) — 3.  By  precipitating  the  mononitrate  with  a  quantity  of 
ammonia  not  sufficient  to  throw  down  the  Avhole  of  the  lead-oxide.  (Ber- 
zelius,  Gilb.  46, 142.) — 4.  When  the  mononitrate  is  boiled  with  zinc-oxide, 
the  bibasic  salt  separates  from  the  solution.  (Persoz,  Ann.  Chim,  Phy$, 
58,  191.) — As  the  hot  aqueous  solution  cools,  the  salt  separates  in  white 
grains  and  pearly  laminao  and  needles,  having  a  slightly  sweet  and 
astridJBfent  taste.  These  crystals,  when  gently  ignited,  leave  red-lead,  which, 
at  a  higher  temperature  is  converted  into  the  yellow  protoxide.  (Ber- 
zelius,  Foffg.  19,  312.)  At  100^  they  lose  but  little  water,  not  givinff  off 
the  whole  till  heated  to  between  160°  and  190°,  and  slowly  even  then. 
At  200°  the  salt  turns  yellow  and  gives  off  red  vapours.  (Pelouze.) — 
Carbonic  acid  robs  it  of  half  its  lead-oxide.  (Chevreul.)  It  is  but  very 
slightly  soluble  in  cold  water,  much  more  soluble  in  hot  water.  (Berzelius, 
Pelouze.) 

Calculation  1.  Berzelius.  Chevreul. 

2PbO 224       ...       80-58         805         8014 

NO* 54       ....       19-42         19-5         1986 

2PbO,NO» 278       ...     lOO'OO         ~.       1000         ~.       10000 


2PbO 
NO*.. 
HO  .. 


Calculation  2. 

Pelouze. 

224       ...       78-05 

78-0 

54       ....       18-81 

190 

9       ...         3-14 

. .. .           o*i 

2PbO,NO»  +  Aq 287       ...     100*00         lOO'l 

According  to  Berzelius  and  Chevreul,  the  crystals  are  anhydrons,  or  at 
least  contain  nothing  but  water  of  decrepitation,  which  escapes  with 
violence  when  they  are  heated;  but  according  to  Persoz  and  Pelouze,  they 
contain  1  atom  of  crystallization-water. 

d.  Mononitrate. — Warm  dilute  nitric  acid  dissolves  lead  but  slowly, 
with  evolution  of  nitrous  gas;  the  same  compound  is  obtained  by  dissolv- 
ing the  oxide. — The  salt  belongs  to  the  regular  system.  Fi^.  1,  2,  4,  13, 
and  20;  also  in  macle-crystals,  like  those  of  spinelle.  (Haidinger,  Edinh. 
J.  of  Sc.  1,  102;  Wackernagel,  Kastn.  Arch.  5,  295.)  Specific  gravity, 
4*3998.  (Karsten.)  The  crystals  exhibit  a  conchoidal,  not  a  laminar 
fracture;  they  are  harder  than  alum,  white,  with  a  waxy  lustre.  (Hai- 
dinger.) 

Dobereiner.     Svauberg.        Berzelius.     Chevreul. 

PbO 112     ....     67-4     ....     67-6     ....     67-403     ....     67*2225     ....     67 

NO» 54     ....     32-6     ....     32-4     ....     32597     ....     32-7775     ....     33 

PbO,NO* 166     ....  1000     ....  100-0     ....  100000     ....  1000000     ....  100 

The  salt  decrepitates  at  a  red  heat,  giving  off  oxygen  gas  and  h^po- 
nitric  acid,  and  leaving  protoxide  of  lead.  When  it  is  ignited  in  a  silver 
crucible,  not  sufficiently  to  decompose  it,  but  till  it  becomes  covered  with 
a  metallic  film,  and  the  mass  when  cool  is  boiled  with  water,  the  filtrate, 
after  cooling,  deposits  dinitrate  of  Icad-oxidc,  and  the   motber-liquid. 
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when  evaporated  deposits  metallio  lead,  while  nitrate  of  lead-oxido 
remains  in  solution.  (Hess,  Pogg.  12,  262.)  Detonates  with  brilliant 
sparks  when  thrown  on  red-hot  coals ;  slightly  when  triturated  with 
sulphur.  The  inflammabilitj  of  tinder,  blotting  paper,  &c.,  is  greatly 
increased  by  soaking  them  in  a  dilute  solution  of  this  salt. — It  is  perma- 
nent in  the  air:  dissolves  in  water  producing  a  great  degree  of  cold.  (H. 
Rose.)  One  part  of  the  salt  dissolves  in  1*989  parts  of  water  at  17*5'', 
forming  a  liquid  of  specific  gravity  1*3978  (Karsteu),  in  1*707  water  at 
22*3'';  and  1*585  water  at  247°.  (Kopp.^  The  specific  gravity  of  a 
solution  saturated  at  8°  is  1*372.  (Anthon.)  Nitric  acid  precipitates  the 
salt  from  its  aqueous  solution.  (Braconnot,  Ann,  Chim.  Phys,  52,  288.) 
Insoluble  in  alcohol.  When  present  in  excess,  it  exhibits  a  tendency  to 
combine  with  the  insoluble  lead-salt  formed  by  precipitation.  (Berzelius.) 

D.  Boronitride  of  Leadi — Cyanide  of  lead  ignited  with  boracic 
acid  in  the  manner  described  (III.  70)  yields  a  mass,  which,  after  wash- 
ing, gives  off  ammonia  when  treated  witn  hydrate  of  potash. 

E.  Phosphonitrate  of  Lead-oxide. — On  pouring  phosphoric  acid 
into  an  aqueous  solution  of  lead-nitrate,  or  evaporating  a  solution  of  lead- 
phosphate  in  nitric  acid,  crystalline  grains  are  separated,  which  may  be 
dried  by  pressure  between  bibulous  paper :  they  contain  2  atoms  of 
monophosphate  of  lead-oxide  combined  with  1  atom  of  nitrate;  and,  when 
heated,  are  converted,  with  evolution  of  nitrous  acid  vapours,  into  triphos- 
phate of  lead-oxide.  Cold  water  extracts  a  small  quantity  of  the  nitrate 
contained  in  these  crystals,  and  boiling  water  nearly  the  whole.  (Ber- 
zelius, Ann.  Chim,  Phys,  2,  161.)  A  solution  of  lead-phospbate  in  warm 
nitric  acid  deposits,  on  cooling,  pure  nitrate  of  lead-oxide  crystallized  in 
octohedrons  elongated  into  four-sided  prisms.  (Dujardin,  J,  pr.  Chem, 
15,  309.) 

IT  F.  AzopnosPHATE  OF  Lead-oxide 3PbO,PNO'-f  5Aq. — Formed 

by  adding  a  soluble  lead-salt  to  a  neutral  aqueous  solution  of  the  salts 
obtained  by  treating  chlorophosphide  of  nitrogen  (II.  474)  with  alcohol 
and  ammonia. — White  granular  powder,  which  is  decomposed  by  am- 
monia.— When  heated  it  is  decomposed  in  a  similar  manner  to  the 
iron-salt  (q.  v.)    (Gladstone,  Chcm.  Soc.  Qu,  J.  III.  149.)  IT 

G.  Nitrate  op  Lead-oxide  with  Fluoride  op  Lead. — Fluoride  of 
lead  precipitated  from  a  solution  of  the  nitrate  by  fluoride  of  sodium 
contains  nitrate  of  lead  in  a  state  of  admixture,  and  difiScult  to  remove 
by  water.  (Berzelius.) 

H.  Plumbite  of  Ammonia.-— 1  part  of  litharge  dissolves  by  digestion 
in  6  parts  of  an  aqueous  solution  of  caustic  ammonia  or  carbonate  of 
ammonia,  forming  a  deep  yellow,  non-crystallizable  liquid.  (Karsten.) 
The  solution  is  turbid.  (Wittstein,  RepeH.  63,  329.) 

I.  Hyposulphite  op  Lead-oxide  and  Ammonia. — Formed  by  dis- 
solving hyposulphite  of  lead-oxide  in  a  moderately  strong  solution  of 
hyposulphite  of  ammonia — the  mixture  being  shaken  and  gently  heated 
— and  leaving  the  solution  to  crystallize  by  evaporation  in  the  air.  At  a 
boiling  heat,  sulphide  of  lead  would  be  precipitated;  a  small  quantity  of 
this  compound  is  formed  even  during  spontaneous  evaporation. — Trans- 
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parent  and  colourless  crystals  belonging  to  the  right  prismatic  system. 
Fig.  55  nearly;  u  :  t^=104°;  i  :  ^=104®,  50'. — Dissolves  easily  and  com- 
pletely in  cold  water.  The  solution,  after  standing  for  a  few  minutes,  or 
more  quickly  if  heated,  deposits  hjrposulphite  of  lead-oxide  in  spangles, 
which,  if  heat  has  been  applied,  are  mixed  with  sulphide  of  lead;  sul- 
phates added  to  the  solution  do  not  produce  an  immediate  tnrbidity. 
(Rammelsberg,  Fogg.  56,  312.) 

Cfrjfiiallized.  Runmelflberg. 

2NH8 34      ....       10-15        9-79 

PbO   112       ....       33-43         34-45 

38«02 144       ....       42-99 

6HO  45       ....       13-43 

2(NH^O,  S«0«)  +  PbO,S»0»  +  3Aq.       335       ....     100-00 

K.  Sulphate  op  Lead-oxide  and  Ammonia. — Salphate  of  lead* 
oxide  dissolves  abundantly  in  hot  aaueons  sulphate  of  ammonia,  in  con- 
sequence of  the  formation  of  a  double  salt,  which,  however,  separates  on 
cooling.  The  compound  may  be  prepared  by  precipitating  a  moderately 
strong  solution  of  lead-acetate  with  dilute  sulphuric  acid  in  excess-^ 
neutralizing  with  ammonia — heating  nearly  to  the  boiling  point  till  the 
precipitate  is  completely  re-Klissolved — and  leaving  the  solution  to  crys- 
tallize by  cooling.  If  the  precipitate  does  not  re-dissolve  completely, 
more  sulphate  of  ammonia  must  be  added.  If  no  crystals  separate  on 
cooling,  the  liquid  must  be  heated  again,  and  sulphuric  acid  added  till 
turbidity  begins  to  show  itself.  The  double  salt  appears  to  form  with 
peculiar  facility  in  a  liquid  containing  a  large  quantity  of  acetate  of 
ammonia. — Small,  transparent,  and  colourless  crystals. — The  salt,  when 
ignited,  yields  a  sublimate  of  sulphite  of  ammonia,  and  a  residue  of  69*8 
per  cent,  of  lead  sulphate.  In  water  the  crystals  immediately  become 
milk-white,  the  water  dissolving  out  the  sulphate  of  ammonia  and,  after 
boiling,  leaving  69*2  per  cent,  of  lead-sulphate.  (Wohler  Sc  Litton,  Ann. 

Fharm.  43,  126.) 

Litton. 

NH<0,SO» 66      ....      30-28        30-3 

PbO,  SO* 152       ....       69-72         698 

~NH*ois6»  +  PbO,s6»     218       ....     10000        ~..       1001 

L.  Ammonio -IODIDE  OF  Lead. — 100  parts  of  iodide  of  lead  absorb 
7*19  parts  (1  At.)  of  ammonia. — The  white  compound,  when  exposed  to 
the  air,  gives  off  the  whole  of  its  ammonia.  Under  water,  it  remains 
white,  but  is  decomposed  into  hydriodate  of  ammonia  which  dissolves, 
and  protoxide  of  lead  mixed  with  a  small  quantity  of  iodide.  (Rammels- 
berg, Fogg.  48,  166.) — Iodide  of  lead  immersed  in  dilute  ammonia  turns 
whitish,  and,  in  a  few  days,  is  converted  into  a  white  magma,  which  may 
be  dried  in  the  air  without  decomposition,  but,  when  heated,  is  resolved 
into  ammoniacal  gas  and  iodide  of  lead.  (Laboure,  N.  J.  Fharm.  4, 
328.) 

M.  Iodide  of  Lead  and  Ammonium. — Hydriodate  of  ammonia  in 
excess  forms  with  nitrate  of  lead  oxide  a  white  precipitate,  which  is 
decomposed  by  a  large  quantity  of  water.  (P.  BouUay.) 

N.  Ammonio-chloride  of  Lead. — 100  parts  of  chloride  of  lead 
absorb  very  slowly  and  with  slight  intumescence,  9*31  parts  (|  At.)  of 
ammoniacal  gas.  (H.  Rose,  Fogg.  20,  157.) 
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0.  Chloride  op  Lead  and  Ammonium.-wi.  Becquerel  obtained  this 
componnd  crystallized  in  needles  by  galvanic  action  1  (I,  401.)---6.  An 
aqueous  mixture  of  chloride  of  lead  and  sal-ammoniac  is  not  precipitated 
by  sulphuric  acid.  (Thenard.) 


Lead  and  Potassium. 

r  A.  AlIiOT  op  Lead  and  Potassium. — 4  yolnmes  of  lead-filings  com- 
bine at  the  melting  point  of  lead  with  1  volume  of  potassium,  forming  a 
brittle,  easily  fusible  alloy,  which  exhibits  a  fine-grained  fracture  and 
efiervesces  strongly  with  water,  but  still  more  with  aqueous  acids.  (Gay- 
Lussac  &  Thenard.) — By  reducing  100  parts  of  lead-oxide  at  a  strong  red 
heat  with  1 00  parts  of  thoroughly  burnt  or  60  parts  of  partially  burnt 
tartar,  a  grey,  brittle  lead  is  obtained,  which  has  a  fibrous  texture  and 
alkaline  taste,  and,  according  to  Vauquelin  {Schw.  21,  222),  does  not 
effervesce  with  water;  according  to  Serullas,  however  {Ann,  Chim,  Phys. 
21,  200),  it  effervesces  slowly. 

B.  Plumbitb  op  Potash. — Protoxide  of  Lead  with  Potank, — ^Litharge 
dissolves  in  hot  potash-ley,  forming  a  yellow  liquid  which  does  not 
crystallize;  carbonate  of  potash  acts  in  a  similar  manner.  (Karsten,  Scher. 
J.  5,  575.) — When  white  lead  is  boiled  with  potash-ley,  a  colourless 
solution  is  obtained;  and  this  solution,  on  cooling,  yields  small,  silver- 
white,  crystalline  scales  which  acquire  a  grey  tarnish  by  exposure  to  the 
air.  The  remaining  liquid  forms,  on  evaporation,  a  brownish-red,  scaly, 
shining  mass,  which  re-dissolves  in  water,  with  the  exception  of  a  few 
shining  scarlet  scales.  Metallic  lead  is  precipitated  from  the  solution  by 
phosphorus  and  zinc,  but  not  by  iron.  Tin  immersed  in  a  solution  of 
plambite  of  potash,  throws  down  all  the  lead:  a  case  of  reciprocal  affinity. 
(Fischer,  Po^g.  9,  263.) 

C.  Plumbate  op  Potash. — Peroxide  of  Lead  with  Potash, — Formed  by 
fusing  peroxide  of  lead  with  excess  of  potash-hydrate  in  a  silver  crucible, 
dissolving  in  water,  and  evaporating;  the  compound  is  then  obtained  in 
definite  crystals.  It  may  likewise  be  formed  by  fusing  potash-hydrate 
with  the  yellow  protoxide,  which  is  then  converted  into  the  peroxide  by 
absorbing  oxygen  from  the  air. — This  salt  dissolve?  without  decomposi- 
tion in  caustic  potash,  but,  in  contact  with  pure  water,  it  turns  red  and  is 
resolved  into  aqueous  potash  and  precipitated  peroxide  of  lead.  (Fremy, 
N.  J,  Pharm.  3,  32.) 

D.  Hyposulphite  op  Lead-oxide  and  Potash. — Formed  by  dissolv- 
ing hyposulphite  of  lead-oxide,  with  agitation,  in  warm  aqueous  hypo- 
sulphite of  potash,  aud  leaving  the  solution  to  crystallize  by  cooling.  If 
the  liquid  is  tolerably  concentrated,  it  solidifies  in  a  white  mass,  by  the 
formation  of  extremely  delicate,  silky  needles,  which  must  be  pressed  to 
free  them  from  the  mother-liquid,  that  liquid  always  containing  a  large 
quantity  of  free  potash-salt. — The  double  salt,  when  heated  out  of  con- 
tact of  air,  gives  off  sulphurous  acid  and  sulphur,  and  leaves  a  residue 
amounting  to  77*31)  per  cent.,  and  consisting  of  sulphide  of  potassium, 
sulphate  of  potash,  sulphide  of  lead,  and  sulphate  of  lead-oxide.  It  dis- 
solves in  water,  with  partial  separation  of  hyposulphite  of  lead-oxide  in 
shining  spaui^les.     The  solution  is  not  clouded  by  sulphates,  and  after 
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some  time  only,  by  sulphiirio  acid,  tbe  precipitate  then  formed  consisting 
of  sulphar  and  sulphate  of  lead-oxide.  (Rammelsberg,  Bogg,  56,  310.) 


2KO 
PbO 
3SW 
2H0 


Oyttallized, 

Ramroebberg. 

94-4     ...     25-62 

26-29 

1120     ...     30-40 

28-97 

1440     ...     3909 

180     ...       4-89 

2(KO,S»0»)  +  PbO,S»02  +  2Aq.      3684     ...  lOO'OO 

E.  Sulphate  of  Lead-oxide  and  Potash.  —  Precipitated  when 
snffar-of-lead  is  mixed  with  sulphate  of  potash.  It  appears  to  contain 
sulphate  of  lead-oxide  and  sulphate  of  potash  in  equal  numbers  of  atoms; 
but  the  longer  it  is  boiled  with  water,  and  the  greater  quantity  of  water 
present,  the  greater  is  the  quantity  of  sulphate  of  potash  dissolved  out  of 
it.  (Trommsdorff,  Tasclienh,  1825,  1.) 

F.  Iodide  of  Lead  and  Potassium.— a.  2KI,PbP. — Separates  in 

yellowish,  silky  crystals,  on  pouring  a  solution  of  lead-nitrate  into  an 

excess  of  concentrated  aqueous  iodide  of  potassium. 

Boullay. 

2KI    330-4       ...       58-96         64 

Pbl 230r0       ...       4104         36 

2KI,PbI    560-4       ...     10000        100 

h,  2KI,3PbI. — 1.  The  mother-liauid  poured  off  from  a  yields  yellow 
prisms  after  a  few  days. — 2.  The  mother-liquid  poured  off  from  the  yellow 
prisms  and  mixed  with  alcohol,  deposits  white  crystals  having  a  silky 
lustre. — If  water  be  added  instead  of  alcohol,  yellow  iodide  of  lead  is 
separated  at  first,  but  it  is  soon  converted  into  the  white  salt  h, — 3.  When 
nitrate  of  lead-oxide  is  poured  into  a  less  concentrated  solution  of  iodide 
of  potassium,  a  yellow  precipitate  is  formed,  but  is  soon  converted  into 
white  silky  needles,  which  thicken  the  liquid.  On  heating  the  mixture, 
yellow  ioaide  of  lead  is  formed,  which  still  retains  the  form  of  the 
needles,  and,  on  cooling,  is  reconverted  into  white  iodide  of  lead  and 
potassium.  (P.  Boullay.) — This  salt  is  formed,  together  with  carbonate 
of  lead-oxide,  on  boiling  iodide  of  lead  with  a  concentrated  solution  of 
carbonate  of  potash.  (Berthemot,  J,  Fhafm,  13,  311.)  Becquerel  ob- 
tained it,  by  electrolytic  action,  in  white  silky  needles.  (1,401.) — The 
needles  are  permanent  in  the  air.  When  heated,  they  turn  yellow,  give 
off  a  small  quantity  of  water,  and  fuse  into  a  red  liquid,  which,  on  cooling, 
solidifies  in  a  yellow  mass.  Heated  with  sulphuric  acid,  they  deposit,  first 
iodide  of  lead,  and  then  sulphate  of  lead-oxide.  Water  separates  iodide 
of  lead  from  the  crystals,  dissolving  out  the  iodide  of  potassium,  together 
with  a  small  quantity  of  iodide  oi  lead,  which,  however,  when  a  large 
quantity  of  water  is  used,  does  not  exceed  a  mere  trace.  Cold  alcohol 
has  no  action  on  the  crystals;  hot  alcohol  leaves  iodide  of  lead  undissolved 
and  deposits  the  salt  b  on  cooling,  iodide  of  potassium  remaining  in 
solution.  (Boullay, «/.  Fhaim.  12,  639;  also  Ann.  Chim.  Fhys,  34,  366.) 

Boullay. 


2KI   

3PbI 

330-4     ...     32-38 
6900     ...     67-62 

'  (1)             (2) 
30-5     ...     31 
69-5     ...     69 

(3)' 
...     30-25 
...     69-75 

2KI,3PbI  ... 

1020-4     ....  100-00 

....       100-0     ...  100 

...  100-00 

The  crystals  (3)  likewise  contain  3  per  cent,  of  water.  (Boullay.) 

VOL.  y.  M 
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Q.  BBQiiiiBS  OF  Lbab  aud  PoTACflirM.— When  oonoentrated  aolntioM 
of  nitrate  of  lead-oxide  and  bjomide  of  potaaaiuBi,  the  latter  fiomewhat  in 
excess^  are  mixed,  filtered,  and  evaporated,  small  octohedrons  are  pro- 
duced, soluble  without  decomposition  in  a  very  small  quantity  of  water, 
but  decomposed  by  a  larger  quantity,  with  reparation  of  bromide  of  lead. 
(Lowig.) 

CryMtaUized*  Lowlg,  Or  t 

K 39-2     ...     1856  ...       l«-90  KBr  IIT'*     ...     392 

Pb   1040     ...     34*66  ...       3638  PbBr 1824     ...     608 

2Br 156  8     ...     52-26  ...       5072 __.,.,,.,...-.^^ 

KBr,PbBr      8000     ...  10000  ...  10000  300*0     ...  1000 


Lead  akp  Soniu^r. 

A.  AixoY  oi"  Lbad  and  SoDiUM.-^i  volumes  of  lead-fiUng«  heated 
with  1  volume  of  sodium  to  the  melting  point  of  lead>  fuse  with  evolutioii 
of  heat,  but  not  of  light,  and  form  a  blui«b-grey,  slightlr  extensible, 
fine-grained  alloy,  which  melts  at  the  same  temperature  as  lead,  oxidizes 
in  the  air,  and  effervesces  slightly  in  water>  out  strongly  in  aqueous 
acids. — 3  volumes  of  lead-filings  form,  with  1  volume  of  sodium,  a  brittle, 
easily  oxidable  alloy.  (  Gay^Lussac  &  Thenard.)  An  alloy  may  also  be 
formed  by  igniting  lead  with  charred  soap. 

B.  Plumbitb  op  Soda.  —  Litharge  dissolves  in  a  boiling  aqueou9 
solution  of  caustic  soda  or  carbonate  of  soda,  forming  a  yellow  liquid. 
(Karsten.) 

C.  Plumbate  op  Soda. — Analogous  to  plumbate  of  potash.  (Tremy.) 

D.  Cardonate  op  Lead-oxide  and  Soda.  ■ —  When  nitrate  of  lead- 
oxide  is  precipitated  by  carbonate  of  soda,  the  precipitate  boiled  in  the 
alkaline  liquid,  and  afterwards  washed  and  dried  at  160%  this  precipitate 
evolves,  on  ignition,  15-185  per  cent,  of  carbonic  acid,  and  is  therefore 
composed  of  NaO,CO>  +  4(PbO,CO*).— (Berzelius,  Fo^g,  47,  199.) 

E.  Sulphide  op  Lead  and  Sodium.  —  20  parts  of  lead-sulphate 
heated  to  whiteness  in  a  charcoal  crucible  with  10  parts  of  dry  sulphate 
of  soda,  yield  3*5  parts  of  metallic  lead,  and  19  parts  of  a  metallic  sul- 
phide containing  from  20  to  25  per  cent,  of  sulphide  of  sodium.  Sulphide 
of  lead  and  sodium  is  a  shining,  lead-grey,  brittle  substance,  exhibiting  a 
close  fracture.  Water  dissolves  out  the  sulphide  of  sodium  from  it,  and 
leaves  a  compound  of  one  atom  of  sulphur  with  more  than  one  atom  of 
lead.  (Berthier,  Ann.  Chim,  Pkys.  22,  215.) 

P.  Hyposulphite  op  Lead-oxide  and  Soda. —  Formed  by  adding 
acetate  of  lead-oxide  to  aqueous  hyposulphite  of  soda,  as  long  as  the 
precipitated  hyposulphite  of  lead-oxide  re-dissolves  on  agitation— precipi- 
tating the  double  salt  from  the  filtrate  with  alcohol—and  washing  the 
precipitate  with  alcohol.  It  may  also  be  obtained  by  dissolving  chloride 
of  lead  in  hyposulphite  of  soda.— The  precipitate  becomes  crystalline 
after  awhile.  It  dissolves  sparingly  in  water,  but  very  freely  in  aqueous 
acetate  of  soda.  (Lenz,  Ann.  Fharm.  40,  98.)  It  resembles  the  potash- 
salt  in  every  respect.  (Bammelflberg,  Po^y.  6f,  311.) 
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Lenz. 

2NaO 62-4     ,..     1960         1909 

PbO    1120     ...     3518         35-84 

3S302 1440     ...     45-22         4611 


2(NaO,S203)  +  PbO.SW 318-4     ...100-00        10104 

G.  Sulphate  op  Lead-oxibb  and  SoDA.^-Sulpbate  of  lead-oxide  and 
sulphate  of  soda  in  equal  numbers  of  atoms  fuse  at  a  red  heat,  forming  a 
liquid  as  thin  as  water,  and  yield,  on  cooling,  an  opaque  mass,  having  an 
uneven,  non-crystalline  fracture.  (Berthier,  Ann.  Chim.  Phys.  38,  256.) 

H.  Iodide  op  Lead  and  Sodittm. — Becquerel  obtained  this  compound, 
by  the  electrolytic  method,  in  needles  having  a  silky  lustre.  (I,  401.) 

I.  Bromide  op  Lead  and  Sodium.— May  be  prepared  in  the  same 
way  as  the  potassium  compound.  Crystallizes  in  prisms.  Decomposible 
by  water.  (Lowig.) 

K.  Chloride  op  Lead  and  Sodium. — Ol)tamed  by  Becquerel  in 
tetrahedrons,  by  the  eleetrolytio  method.  (I,  401.) 


Lead  and  Barium. 

A.  Plumbite  op  fl-ARYTA. — Boiling  baryta-water  forms  with  lead- 
oxide  a  deep  yellow  solution,  which,  on  evaporation,  leaves  its  two  consti-* 
tnents  separate  [in  the  form  of  carbonates  ?J.  (Karsteu.) 

B.  Sulphide  op  Lead  and  Barium. — 15  ports  of  sulphide  of  lead 
heated  to  whiteness  in  a  charcoal  crucible  with  15  parts  of  sulphate  of 
baryta  yield  17  ptf  rts  of  sulphide  of  lead  and  barium,  sulphide  of  lead 
being  sublimed  and  a  small  quantity  of  metallic  lead  reduced. — This  com- 
pound is  of  a  dingy  red  colour,  without  metallic  lustre,  and  of  shining 
laminar  fracture.  Water  extracts  the  sulphide  of  barium  and  leaves  10 
per  cent,  of  sulphide  of  lead.  (Berthier.) — When  sulphide  of  lead  and 
sulphide  of  barium,  in  equal  numbers  of  atoms,  are  heated  to  whiteness  in 
a  charcoal  cracible,  the  greater  part  of  the  lead-sulphide  volatilizes,  and 
there  remains  a  well  fused,  blistered  mixture,  having  a  brown-red  colour 
and  waxy  lustre,  and  yielding  a  red  powder.  (Foumet.) 

C.  Hyposulphite  op  Lead-oxide  and  Baryta. — Hyposulphite  of 
lead-oxide  and  potash,  mixed  with  acetate  of  baryta,  throws  down,  after 
a  few  minutes,  a  precipitate  consisting  of  the  baxytic  double  salt.  The 
precipitate,  however,  is  mixed  with  free  hyposulphite  of  baryta,  because 
the  solution  of  the  potassic  double  salt  contains  free  hyposulphite  of 
potash.  The  digestion  of  hyposulphite  of  baryta  with  water  and  hypo- 
sulphite of  lead-oxide  does  not  form  a  solution.  (Rammelsberg,  Pogg, 
56,  313.) 

D.  Chloride  op  Lead  aKd  SarhJhI.— Obtained  by  the  rfeotrolytio 
method  in  crystals  having  a  silky  lustre.  (Be«qaerel,  I.  401.) 


m2 
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Lead  and  Strontium. 

Htposulphitb  op  Lead-oxide  and  Strontia. — Hyposulphite  of 
lead-oxide  dissolves  abandantlj  in  aqueous  hyposulphite  of  strontia;  the 
solution,  however,  yields  no  crystals,  but  deposits  a  syrup  on  the 
addition  of  alcohol.  (Rammelsberg.) 

Lead  and  Calcium. 

A.  Plumbite  of  Lime.^— Heated  lime-water  dissolves  lead-oxide,  form- 
ing a  yellow  solution.  On  evaporating  the  liquid,  the  plumbite  of  lime 
crystallizes  in  small  spiculse,  which  have  a  caustic  taste,  and  are  slightly 
soluble  in  water,  forming  a  solution  which  blackens  woo),  nails,  and 
horn.  (Karsten,  Scher,  J,  5,  575;  Berthollet,  Ann,  Chim,  1,  52.) 

B.  Carbonate  of  Lead-oxide  and  Lime. — PlumhixalcUe, — ^Obtuse 
rhombohedrons,  Fig.  141;  r"  :  r*  =  104°  53'  (Brewster).  Specific  gravity 
2*824.  Softer  than  calcspar;  transparent,  with  a  pearly  lustre. — ^Contains 
92*2  per  cent,  of  carbonate  of  lime,  7'8  p.  c.  carbonate  of  lead-oxide,  and 
a  trace  of  ferric  oxide.  Decrepitates  in  the  fire,  and  by  continued  ignition 
acquires  a  brownish  or  redclish  colour.  With  carbonate  of  soda  on 
charcoal  before  the  blowpipe,  it  yields  a  white  enamel  but  no  globules  of 
lead.  (Johnston,  iV.  Edinh,  J.  of  Sc.  6,  79;  also  Pogg.  25,  312.) 

C.  Hyposulphite  of  Lead-oxidb  and  LiME.-^From  a  solution  of 
hyposulphite  of  lead-oxide  in  aqueous  hyposulphite  of  lime,  which  is  not 
rendered  turbid  by  the  addition  of  sulphates,  alcohol  throws  down  the 
double  salt  in  white  crystalline  granules,  partially  decomposible  by 
water.  (Rammelsberg.) 

Cry$tdUized,  Rammdsberg. 

2CaO 66     ....     16-09         17-00 

PbO   112     ....     3218        30-29 

3S20« 144     ....     41-38 

4HO 36     ....     10-35 

2(CaO,8«0*)  +  PbCS'O'  +  4  Aq.       348     ....  100-00 

D.  Phosphate  of  Lbad-oxidb  and  Lime  with  Chloride  of  Lead. 
"^NuuieriU,  —  This  mineral  occurs  in  connexion  with  Pyromorphite 
(p.  149).  Very  obtuse  rhombohedrons.  Specific  gravity  5*0415.  Yel- 
lowish, greenish,  or  greyish,  with  a  faint  waxy  lustre.  After  fusion 
before  the  blowpipe,  it  solidifies  into  a  whitish,  angular  enamel.  Forms 
a  yellowish  glass  with  borax.  Dissolves  readily  and  without  efifervescence 
in  nitric  acid.  Contains:  PbCl  7-65,— CaO  12-30,— PbO  46-50,— 
FeO  2-44,— cPO*  19-80,— AsO«  406,— quartz  7*20  (less  005).  (G.  Bar- 
ruel,  Ann.  Chim.  Phya.  62,  217;  also  J.  pr.  Chem.  10,  10.) 

E.  Sulphate  of  Lead-oxide  with  Fluor-spar.— a.  One  atom  of 
fluor-spar  with  one  atom  of  lead-sulphate  fuses  very  easily  to  a  thin 
liquid,  which,  on  cooling,  yields  a  dense,  spongy  mass,  of  uneven,  non- 
crystalline fracture. — h.  1  At.  fluor-spar  with  2  At.  lead-sulphate :  Fuses 
just  as  readily  and  forms  as  thin  a  liquid  as  the  above,  and  yields  a 
dense,  yellowish-white,  stony  mass.—c.  1  At.  fluor-spar  with  4  At. 
lead-sulphate:    Fuses  less  completely,  and  forms  yellowish,  blistered, 
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crumblingi  granular^  but  not  crystalline  mass. — d,  1  At.  fluor-spar^  1  At* 
lead-sulphate,  and  1  At.  lime :  This  mixture  yields  sulphate  of  lime  and 
uncombined  lead-oxide;  fuses  very  easily  to  a  very  thin  liquid,  which^ 
on  cooling,  forms  a  pale-grey,  crystalline-laminar  mass. — e.  4  parts  of 
fluor-spar,  5  of  heayy-spar,  6  of  ignited  gypsum,  and  5  of  lead-sulphate : 
Fuses  perfectly  at  an  incipient  white  heat  and  forms  a  thin  liquid. 
Dense  white  enamel,  having  an  uneven  fracture.  (Berthier,  Ann,  Chim* 
Fhys.  43,  298.) 

Lead  and  Aluminum. 

Phosphate  of  Lead-oxide  with  Hydrate  of  Alumina. — Hydrous 
Aluminate  of  Leady  Flombgomme,  Bleigummi, — Amorphous;  harder  than 
fluor-spar;  of  conchoidal  fracture;  yellowish-brown;  translucent.  When 
heated,  it  decrepitates  strongly,  gives  off  water,  turns  white,  swells  up, 
and  fuses  partially  if  urged  by  a  strong  blast.  With  carbonate  of 
soda  on  charcoal,  it  yields  globules  of  lead.  Assumes  a  blue  colour 
when  ignited  with  nitrate  of  cobalt.  Dissolves  in  nitric  acid.  (Berzelius, 
Schw.  27,  Q5'y  Jahresber,  21,  214;  Dufrenoy,  Ann,  Chim.  Phys,  59,  140; 
also  J„  pr,  Chem,  7,  163;  Damour,  Ann,  Mines,  Ser.  3,  17)  191;  also 
J.  pr.  Chem,  21,  126.) 

Beraelins.     Berzelivfl.    Dufrenoy. 
Phmbgomme,  Huelgoet.        Hndgoet.        Nnssi^. 

3PbO    336-0     ....     38-28     ....     35-10    ....     40-14     ....     43*42 

P0» 71-4     ....      814     ....      806    ....  ....       1-89 

6A1«0S 308-4     ....    3513    ....    3432    ....    3700     ....    3423 

18HO  162-0    ....     18-45     ....     18-70    ....     1880    ....     16-14 

CaO ....  ....      0-80) 

Fe»0»   ....  ....      0-20>  ....       1-80 

Pbci........'.™."!!!!!!." !!!!!!.!!  !!!!  Z    227  8e<y  0-60  ....    2-11 

S0> ....  ....      0-30   so*     0-20 

6(A120»,3HO)  +  3PbO,PO»    8778    ....  10000    ....    9975    ....    9854    ....    9779 


Lead  and  Silicium* 

A.  SiLiciDE  OF  Lead. — The  two  metals  fuse  together  before  the 
blowpipe  and  form  a  malleable  alloy,  which,  when  dissolved^  in  acids, 
leaves  a  residue  of  silica.  (Berzelius,  Fogg,  1,  220.) 


B.  Silicate  of  Lead-oxide,  or  Lead-silicate.— a.  Silica  fuses  with 
lead-oxide  to  a  yellow-glass.  Glass  formed  of  equal  parts  of  lead-oxide 
and  silica  does  not  become  dull  in  the  air  of  a  town  (as  from  the  action  of 
Sulphuretted  hydrogen,  which  might  form  sulphide  of  lead);  nor  even 
when  3  parts  more  of  lead-oxide  are  added  to  8  parts  of  the  glass;  but 
the  tarnishing  takes  place  if  8  parts  of  the  gla«s  are  fused  with  1  part  of 
potash.  (Faraday,  Fogg,  18,  568.)  Lead-oxide  attacks  earthen  crucibles 
when  fused  in  them.---^.  Silico- fluoride  of  lead  yields  with  ammonia  a 
precipitate  of  lead-silicate. 

C.  Bobosilicate  of  Lead-oxide. — 112  parts  of  lead-oxide  yield 
with  16  parts  of  silica  and  24  of  boracic  acid  a  yellow  glass,  of 
specific  gravity  6*44,  which  fuses  less  easily  than  borate  of  lead-oxide 
(p.  128)  but  more  easily  than  flint-glass,  and  is  strongly  tarnished  by 
immersion  in  hydros ulphuric  acid  gas.  (Faraday.) 
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D.  SiLicoFLUOBiPB  OF  LBi.D.-^PbF,SiP«-^A  flolution  of  lead-oxide 
in  hydroflucsilioio  acid  dries  up  to  a  translacent  gum,  haring  the  taate  of 
other  lead-salts,  and  re-dissolving  perfectly  in  water.  (Berzelius.) 

E.  Silicate  of  Lead-oxid«  and  an  Alkali. — a.  Lead-gloM,^^ 
Lead-oxide  forms,  with  silica  and  potash  or  soda,  a  vitreous'mass,  which  is 
distinguished  from  other  kinds  of  glass  by  its  greater  density^  refracting 
power,  softness,  and  fusibility,  and  has  so  much  the  greater  tendency  to 
become  tarnished  in  impure  air  with  sulphide  of  lead,  as  it  is  richer  in 
lead-oxide  and  more  finely  divided.  A  large  quantity  of  lead-oxide 
colours  it  yellow,  and  the  presence  of  metallic  lead  (or  the  suboxide) 
gives  it  a  green  tint:  FlirU-glass,  Mainzer  Fltua,  Glazing,  (III.  380, 
381.) 

0,  Containing  a  larger  proportion  of  potash, — The  aqueous  solution  of 
soluble  glass  (III.  371)  If  agitated  with  lead-oxide,  takes  up  a  portion  of 
that  substance,  slowly  at  ordinary  temperatures,  but  more  quickly  when 
heated,  and  is  thereby  converted  into  a  stiff  jelly,  which,  when  exposed 
to  the  air,  dries  up  to  an  opalescent  mass.  (Fuohs,  Kastn,  Arch.  5,  401.) 


F.  Silicate  of  Zirconia  and  Lbad-oxide. — a.  2PbO,2ZrO,SiO^— • 
91*8  parts  (1  At.)  of  zircon  fuse  with  224  parts  (2  At.)  of  lead-oxide, 
forming  a  yellow,  translucent,  dense  mass,  having  a  waxy  lustre  and 
resembling  gamboge. — 6.  PbO,2ZrO,SiO'. — 91*8  parts  (1  At.)  of  zircon 
soften  when  heated  with  112  parts  (1  At.)  of  lead-oxide  and  form  a  stifi 
paste,  which  solidifies  in  a  homogeneous,  waxy,  opaque  mass.  Both  these 
compounds  are  easily  i^ttacked  by  acids.  (Berthier,  Ann.  Ckim.  l^kys, 
59,  193.) 

Lead  and  Titanium. 

Fluoride  of  Titanium  and  LEAD.^Small  oolourless  crystals,  which 
taste  sout  at  first,  but  afterwards  sweet  and  astringent,  and  dissolve 
easily  in  water  without  decomposing.  (Berzelius,  Fogg,  4,  5.) 

Lead  and  Tantalum. 

Fluoridb  of  Tantalum  and  Lead. — ^Difficultly  soluUe  vk  wate. 
(Berzelius.) 

Lead  and  Tungsten. 

A.  Tungstide  of  Lead. — Formed  by  exposing  a  mixture  of  lead 
and  tungstic  acid  to  a  very  intense  heat  in  a  charcoal  crucible. — Dark 
brown,  with  a  faint  lustre,  spongy,  and  very  ductile.  (De  Luyart.) 

B.  Tungstate  of  Lead-oxide,  or  Lead-tungstate. — a.  Mono- 
tungstate, — Found  native,  as  ScheelUine.  Belongs  to  the  square  prismatic 
system;  isomorphous  with  tungstate  of  lime  (Kobell,  Schw,  64,  410),  and 
with  molybdate  of  lead-oxide  (A.  Levy,  Ann,  Phil.  28,  364;  also  Pogg,- 
8, 51 3);  Pigs.  24i,  28, 32,  35,  with  truncation  of  the  edges  between  e  and  e*; 
«  :  c^=  131°  30';  «  :  e"  =  154°  36"  (Levy).  Cleavage  parallel  to  j^  and  e. 
(Breithaupt.)  Specific  gravity  8*0.  Harder  than  gypsum.  Colourless 
or  brownish-white;  transparent  or  translucent,  with  a  waxy  lustre. 
Fuses  before  the  blowpipe,  covering  the  charcoal  with  a  deposit  of  lead- 
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oxide,  and)  on  oooling,  tolidifles  in  the  form  of  A  dark  ofTsUUine  globule. 
With  borax  it  yields  a  colonrlesi  glass  in  the  outer  flame,  and  ia  the 
inner,  a  yellowish  glass,  which  becomes  grey  aod  opaque  on  eoolingj  if 
the  fusion  with  borax  be  continaed  for  a  longer  titne,  lead  is  Tolatilized, 
and  a  elear  d^rk-rod  glass  is  formed.  With  microcosmio  salt^  this 
mineral  forms  a  oolonrless  g^ass  in  the  outer  flaitie,  and  a  bine  glass  in 
the  inner.  With  carbonate  of  soda  on  charcoal,  it  yields  globules  of 
lead.     Dissolres  in  nitric  acid,  with  sepatatioa  of  yellow  tnngstic  acid. 

When  a  lead-salt  is  precipitated  with  monotungstate  of  potash,  a 
white  anhydrous  powder  is  obtained,  which  when  heated,  first  turns  grey 
and  then  yellowish,  fuses  at  a  red  heat,  and  solidifies  in  a  crystalline 
mass  on  cooling.  Insoluble  in  water  and  cold  nitric  acid,  but  soluble  in 
canstic  potash.  (Anthon,  J.pr,  Chem,  9,  342.) 

h.  Bitungftafe.— Formed  by  precipitating  nitrate  of  Icad-oxide  witfe 
bitungstate  of  ammonia. — White  powder,  insoluble  in  water.  (Berzelias.) 

Lampadiils.  Anthon. 

Monotungttate,  native.  artificial, 

PbO  ,,.... 112  ....  48-28   48-25   ....   4^4 

W0« 120  ....  61-72   61-75   ....   51-e 


l»bO,WO* 232  ....  lOO'OO   ;  lOO'OO   ....  100^0 

Bituik§9M9*  Berselra»« 

PbO 112      ....       31-8  28-58 

2W0»  240      ....       68-2  :^l-42 


■  — 


jjd 


PM>,2W0» 352      ....     100-0        10009 

D.  SiTL^HOTtmosfATB  OF  Lbad,— PbS,  WS«.  By  mixing  snlpho- 
tnngstate  &i  potassium  with  a  lead-salt.  Dark  brown  precipitate,  almost 
black  when  collected.  If  a  lead-salt  be  precipitated  by  the  compound 
of  sulphotungstate  of  potassium  with  tungstate  of  potash  (IV,  40),  the 
fcsoUing  precipitate  is  of  a  dingy  yellotr  colour.  (BerKelius.) 

Lead  ai^u  MoLYBDfirttw. 

MoLYBDiDB  OP  Lead* — Lead  alloyed  with  a  small  quantity  of 
molybdenum  is  whiter  than  pure  lead,  hard,  and  somewhat  malleable; 
with  a  larger  quantity  of  molybdenum  it  forms  ft  black,  brittle  ma^. 
(Hjelm.) 

B.  Moltbdatb  op  Lead-oxidb,  or  Leao-molybdatb.— Occurs  in  the 
form  of  YeU(m  Leadore,  Melinose  (GdbbUiert).  Prepared  artificially  by 
precipitating  nitrate  of  lead-oxide  with  monomolybdate  of  ammonia.  The 
native  Tariety  belongs  to  the  square  prismatic  system.  Figs.  23,  24,  25, 
27*,  28, 33,  and  other  forms.  <j :  c^'^Te^  40^;  e:e'=12S°,  p  :e=U\^  40'; 
e  •  r=l 28^  20 ;  p  :  0=140''  1'.  Cleavage  parallel  to  p,  e,  and  r.  (Hany.) 
Specific  gravity  =  6-76.  (Mobs.)  Harder  than  gypsum;  yellow,  trans- 
lucent, with  a  wajcy  lustre.  Decrepitates  strongly  when  heated  and 
assumes  a  darker  colour,  which,  however,  disappears  on  cooling;  fuses  to 
a  yellow  mass.  When  fused  upon  charcoal  before  the  blowpipe,  it  smks 
into  the  charcoal,  leaving  globules  of  lead,  while  the  charcoal  becomes 
impreirnated  with  molybdenum  and  molybdide  of  lead.  It  dissolves  m 
earboTOte  of  soda,  and  with  that  substance  sinks  into  the  charcoal,  teaving 

♦  In  fig.  27,  read  a  instead  of  f. 
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globules.  Dissolres  easily  in  borax;  tbe  glass  formed  in  the  outer  flame 
IS  slightly  coloured,  and  tbat  obtained  in  the  inner  flame  is  clear  while 
hot;  out  in  cooling  suddenly  becomes  dark  and  opaque.  Dissolyes  readily 
in  microcosmic  salt,  forming  a  glass  which  is  green  if  the  quantity  of 
mineral  dissolyed  in  it  is  small,  but  black  and  opaque  if  the  quantity  is 
larger.  (Berzelius.)  Dissolves  in  heated  nitric  acid,  with  separation  of 
yellowish- white  nitrate  of  molybdic  acid.  It  is  decomposed  by  sulphuric 
acid.  Strong  hydrochloric  acid  dissolves  it,  producing  a  green  solution, 
and  forming  chloride  of  lead,  which  separates  more  completely  on  the 
addition  of  alcohoL    Soluble  in  caustic  potash,  but  not  in  water. 

Hatchett.  GobeL         MeUing.       Klaproth.     Berzeliiu. 

Bldberg.  Bldbeig.         Bleiberg.  Bleiberg.  itrt^. 

FbO  112  ....  60-87     ....     58     ....     590     ....     61*90    ....     64*42     ....     60*81 

MoO"    ....     72  ....  3913     ....     38     ....     40*5     ....     40*29    ....     34*25     ....     3919 

PbO,MoO»  184  ..,.10000    ....    99    ....    99*5    ....  102*19    ....    98*67    ....  10000 

According  to  Rammelsberg,  the  native  molybdate  of  lead-oxide  from 
Bleiberg  appears  to  contain  a  smaU  quantity  of  vanadiate.  The  red- 
coloured  molybdate  from  Retzbanya  was  declared  by  Johnston  (Phil, 
Mag.  J,  ]  2,  387)  to  be  chromate  of  lead-oxide;  and  since,  according  to 
Brooke's  statement,  it  exhibited  the  crystalline  form  of  the  molybdate, 
Johnston  concluded  that  chromate  of  lead-oxide  must  be  dimorphous. 
According  to  G.  Rose,  however  {Fogg,  46, 639),  the  red  ore  in  question  is 
molybdate  of  lead-oxide,  with  which  perhaps  a  small  quantity  of  chro- 
mate may  be  mixed.  If  this  be  the  case,  tbe  dimorphism  mentioned 
at  page  102,  vol.  I,  does  not  exist.  Boussingault  (Ann,  Chim,  Pky$. 
45,  325)  examined  an  impure  ore  from  Pamplona  containing  excess  of 
lead-oxide. 

G.  SuLPHOMOLTBDATB    OF    Lbad.  —  Black    precipitate^    remaining 
black  even  when  dry,  and  producing  a  lead-grey  streak. 

D.  PersuIiPHOMOLTbbatb  of  Leap.— Dark-red  powder.  (Berzelius.) 

Lead  and  Vanadium. 
Vanadiate  of  Lead-oxide,  or  LEAD-yANADiATE. — a.  MonovanadkUe, 


—Formed  by  precipitating  nitrate  of  lead-oxide  with  an  alkaline  mono- 
vanadiate.  Also  by  precipitating  sugar-of-lead  with  an  alkaline  bivana- 
diate,  in  which  case  acetic  acid  is  set  free  in  the  liquid.  The  precipitate, 
which  is  yellow  at  first,  becomes  white  and  less  bulky  in  the  course  of  24 
hours.  It  fuses  easily,  forming  a  reddish-yellow  liquid,  and  on  cooling 
solidifies  in  a  yellow  mass.  It  is  decomposed  by  fusion  with  bisulphate 
of  potash;  not  quite  completely  by  oil  of  vitriol;  neither  is  it  decomposed 
by  boiling  with  carbonate  of  potash.  Dissolves  slightly  in  water  forming 
a  yellow  solution;  and  is  easily  soluble  in  slightly  warmed  nitric  acid, 
even  when  dilute.  The  solution  in  strong  nitric  acid,  when  heated  to  the 
boiling  point,  deposits  a  brown  powder  containing  oxide  of  lead  with  a 
large  excess  of  vanadic  acid.  (Berzelius.) 

h.  Bivanadiate. —  Nitrate  of  lead-oxide  forms  with  hi  vanadiate  of 
potash,  an  orange-yellow  precipitete,  which  fuses  readily,  and,  on  cooling, 
crystallizes  in  a  red  mass.  Gives  up  half  its  acid  to  boiling  carbonate  of 
potash.  Slightly  soluble  in  water,  to  which  it  imparts  a  yellow  colour. 
(Berzelius.) 
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VanadUe.'^Ore  from  Bertsow.  Resnlar  six-sided  prisms.  Some- 
times one  part  of  such  a  prism  consists  of  brown  Vanadite  and  the  other 
of  Pjromorphite,  a  strncture  which  would  seem  to  indicate  isomorphism, 
were  it  not  that  yanadio  acid  and  phosphoric  acid  do  not  agree  in 
stoichiometric  composition.  Brown,  with  a  strong  lustre.  Decrepitates 
strongly,  and  fuses  on  charcoal  to  a  bead  which  yields  metallic  lead,  with 
emission  of  sparks,  and  forms  a  yellow  film  on  the  charcoal.  The  solu- 
tion of  the  mineral  in  microcosmio  salt  yields  in  the  outer  flame  a  reddish- 
yellow  glass,  which  becomes  yellowish-green  on  cooling, — and  in  the 
inner  flame  a  glass  which  exhibits  the  beautiful  green  of  chromium. 
Dissolves  easily  in  nitric  acid,  and  nitrate  of  silver  throws  down  a 
large  quantity  of  chloride  of  silver  from  the  solution.  The  ore  from 
Zimapan  behaves  in  a  similar  manner.  (G.  Rose,  Fogg.  29,  455.) — Ore 
from  Wanlockhead,  Specific  gravity  6'99....7'2d.  Colour  varying  from 
yellow  to  brown;  opaque  with  a  waxy  lustre.  Decrepitates  when  ignited 
and  assumes  a  red  colour  which  again  becomes  yellow  on  cooling.  If 
kept  in  a  state  of  fusion  for  a  short  time  only,  it  solidifies  in  a  yellow 
mass;  but  by  longer  fusion  it  is  converted  into  a  spongy,  steel-grey  mass, 
which,  when  ignited  upon  charcoal,  immediately  yields  globules  of  lead. 
Fuses  readily  upon  charcoal,  exhaling  an  odour  of  arsenic,  yields  globules 
^f  lead,  and  after  fusion  for  some  time  in  the  inner  flame,  likewise  yields 
a  steel-grey,  very  fusible  slag,  which  exhibits  the  reactions  of  chromium. 
When  treated  with  nitric  acid,  it  first  yields  up  the  lead-oxide,  so  that 
the  fragments  become  covered  with  a  red  coating  of  vanadic  acid,  which 
is  afterwards  likewise  dissolved  and  imparts  a  yellow  colour  to  the  liquid. 
With  hydrochloric  or  sulphuric  acid  it  forms  a  green  solution,  chloride  of 
lead  or  sulphate  of  lead-oxide  being  separated.  (Johnston,  N.  Ed,  J.  ofSc* 
5,  166;  also  Schw,  63,  119.) 


FbCL.. 

139-4 

1008-0 

277-8 

9-78 
70-73 
19-49 

BeneUns. 
Zimapmi. 

9*94 
68-00 
21-34 

0-72 

Damour. 

9PbO 

63-72 

3VO» 

....        15*86 

ZnO... 
Pc«0» 
HO  ... 

•••»•# 

6-34 

CuO        2-96 

3*80 

FbCl  + 

3(3PbO,VO»)  ? 

••t« 

1425-2 

100-00 

100-00 

...♦      101-57 

Lead  and  Chromium. 

Chromatb  of  Lead-oxide,  or  Lead-chbomate.— a.  Bichromate. 
Chrome-red, — 1.  Formed  by  boiling  the  pulverized  monochromate  with 
dilute  potash-ley  (Grouvelle),  or  with  water  and  carbonate  of  lead-oxide 
(Dulong),  or  with  |  pt.  lead-oxide  and  water  (Badams,  Ann,  Fhil.  25, 303; 
also  Pogg.  3,  221):  or  by  boiling  it  for  some  time  with  monochromate  of 
potash,  which  is  thereby  converted  into  the  bichromate.  (Berzelius.) — 2.  By 
Doiling  lead-oxide  or  its  carbonate  with  an  aqueous  solution  of  mono^ 
chromate  of  potash.  (Dulong,  Schw,  5,  384.) — 3.  By  mixing  a  solution  of 
lead-oxide  in  caustic  soda  with  chromate  of  potash,  placing  the  mixture 
in  a  basin,  and  covering  it  with  a  bell-jar,  under  which  carbonic  acid  gas 
is  slowly  evolved  by  the  action  of  sulphuric  acid  on  pieces  of  marble. 
As  the  soda  becomes  saturated  with  can)onic  acid,  the  salt  crystallizes  in 
orange-yellow  needles.  (Hayes.)  By  mixiuff  a  ver^  dilute  solution  of 
nitrate  of  lead-oxide  with  chromate  of  potash  containing  a  considerable 
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•qiiMiititj  of  free  potash,  and  exposing  the  tniziare  to  the  iair^  Fatadaj 
{Quart,  J,  ofSc,  19,  155)  obtained  small  red  oirstals,  irhich  he  took  for 
the  monochromate,  but  which,  according  to  Wdhler  and  Liebig,  are 
really  bibasic. — 4.  Bj  fusing  monochromate  of  lead-oxide  with  nitre,  and 
exhaosting  tho  fosed  mass  with  water.  (Hajes.)  Wdhler  and  Liebig 
{Pogg.  21,  580)  add  pounded  monochromate  of  lead-oxide  to  nitre  kept 
in  a  state  of  fusion  at  a  low  red  heat,  con  tinning  the  addition  of  the  nitre 
in  small  portions  at  a  time,  till  the  greater  part  of  the  nitre  is  decomposed; 
the  mixture  froths  up  and  blackens,  because  the  dicfaromate  appears 
black  when  hot.  The  crucible  is  then  taken  out  of  the  fire;  the  still 
fluid  nitrate  and  ohromate  of  potash  (which  maj  be  used  in  the  prepara- 
tion of  chrome-yellow)  poured  off  after  a  few  minutes;  and  the  residue 
quickly  washed  with  water  in  the  crncible,  because  the  powder  beoomes 
yellowish-red,  if  the  liquid  is  left  too  long  in  contact  with  it.  The  salt 
thus  prepared  is  of  a  pure  Termilion  colour;  whereas,  if  prepared  in  the 
moist  way,  it  is  more  of  a  yellowish-red:  if  the  nitre  be  too  strongly 
Ignited,  the  product  is  brownish. 

Small  carmine-red  crystals.  (Dnlong.)  When  prepared  by  (4),  this 
salt  forms  a  brilliant  vermilion-coloured  powder  consisting  of  delicate, 
shining  crystals  (W&hler  &  Liebig);  by  (3),  orange-yellow  needlee 
(Hayes);  by  (1),  scarlet  powder  (Badams).  Yields  up  half  its  amount  of 
lead-oxide  to  acetic  aoid.  (Badams.) 

BttdAmt. 

2PbO..„ 224       ....       81-16        ^        80*98 

CrO»  ---__  ^2       ....       18-84         -""_  1902 

2PbO,Cr09   ....      276      ....     100-00 10000 

h,  Sesquibasic  Ckromate, — Melanochroite,  lu  rhombic  prisms  with  two 
faces  enlarged,  and  likewise  massive.  Specific  gravity  5*75.  Very  soft. 
Colour,  between  Qochineal  and  hyacinth-red,  with  a  waxy  lustre;  trans- 
lucent at  the  edges;  yields  a  briok-red  powder.  .  Decrepitates  slightly 
when  heated,  becoming  for  the  time  darker  in  oolour.  Fuses  upon  char- 
coal to  a  dark-coloured  mass,  crystalline  after  cooling.  In  the  inner 
blowpipe-flame,  it  yields  fumes  of  lead;  lead  globules,  and  chromic-oxide. 
(Hermann,  Fogg.  28,  162.) 

Hermamic 

3PbO..... 336      ....      76-37        .......v        76-69 

2CrO" 104       ....       23-63        23*31 

3PbO,2CrO»....       490      ....     100*00        ZZ       100*00 

c'  Monochromate, — Found  native  as  Bed  Lead-spar,  or  Crocoisite, 
Crystalline  system  the  oblique  prismatic.  Form  an  oblique  rhombic  prism, 
whose  obtuse  lateral  edge  forms  an  angle  (i£:t/)=9d°  44';  angle  between 
the  oblique  terminal  faces  and  the  obtuse  lateral  edge  («:m)=103^15';  to* 
gether  with  m,  t,  and  other  faces.  Cleavage  parallel  to  u,  m,  and  t,  (Hauy.) 
Specific  gravity  6*1.  Harder  than  gypsum.  Colour,  aurora^red;  yields  an 
orange-yellow  powder.  Translucent,  with  strong  refracting  power  and 
adamantine  lustre.  Decrepitates  when  heated,  assuming  for  the  time  A 
darker  colour.  The  salt  is  obtained  artificially,  in  the  form  of  Chrome- 
yellow,  by  precipitating  the  nitrate  or  acetate  of  lead-oxide  with  mono- 
chromate or  bichromate  of  potash, — or  more  economically,  according,  to 
Liebig  {Mag,  Fharm,  35,  258),  by  placing  sulphate  of  lead-oxide,  while 
still  moist,  in  contact  with  a  cold  aqueous  solution  of  monochromate  of 

Eotash.     White  lead  tieated  with  monochromate  or  bichromate  of  potash 
kewise^  jrielda  mono^crauite  of,  lead-oxi<ito  and  monooarb<w»te  or  bi^ar* 
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bonmta  of  potadi.  (KahlmaDn,  Ann.  Phctrm.  41,  228.)  In  pTeeipitoiing 
•ugar-of-lmd  with  monochromaie  of  potash,  the  precipitate  is  of  a  paler 
colour  when  the  liquids  are  cold  than  when  thej  are  hot,  because  in  the 
former  case  it  contains  water.  (Anthon,  Beperi.  76, 129.)  Bright  lemon- 
yellow  powder.  The  colour  inclines  more  and  more  to  red,  in  proportion 
as  a  larger  quantity  of  dichromate  is  present.  Aconires  a  transient  dark- 
red  colour  when  heated.  Fuses  at  a  red  heat,  and  solidifies,  on  cooling, 
to  a  dark-brown  mass  which  yields  a  brownish-yellow  powder;  but  if 
poured  while  still  liquid  into  cold  water,  it  forms  an  amorphous  red  masSi 
and  likewise  yields  a  red  powder.  (Marchand.) 


• 

Vauqtielln. 

Pfaff. 

Beneliui. 

natural. 

natural. 

natural.        artificial. 

PbO 

•  ••■           X  X  4m          ■■•• 

68-29 

63*96 

67-91 

....     68-38     ....     68-147 

CrO» 

•  ••■                  Ov            •■■• 

31-71 

36-40    .... 

31-72 

....     31-62     ....     31-853 

PbO,CrO«....     164     ....  lOO'OO      ....     100-36    ....     99*63     ....  100  00    ....  100-000 

When  strongly  ignited  above  its  melting  point,  it  gives  off  about  4 

Ser  cent,  of  oxygen,  and  is  converted  into  a  mixture  of  chromic  oxide  and 
ichromate  of  lead-oxide. 

4(PbO,Cr03)  =.  2{2PbO,CrO»)  +  Cr»0»  +  0. 

This  mixture,  if  gently  ignited  in  oxygen  gas,  does  not  re-absorb  any 
oxygen.  When  100  parts  of  chromic  oxide  are  heated  to  redness  in 
oxygen  gas  with  excess  of  lead-oxide,  14*9  parts  of  oxygen  are  absorbed, 
and  the  same  mixture  (only  with  excess  of  lead-oxide)  is  therefore  pro- 
duced. At  a  strong  white  heat,  chromate  of  lead-oxide  gives  off  only 
4*4  per  cent,  of  oxygen — not  nearly  so  much,  therefore,  as  would  be 
evolved  if  nothiog  but  lead-oxide  and  chromic  oxide  were  to  be  left 
behind.  (Marchand,  J*,  ^r.  Chem.  19,  65.)  The  salt,  when  heated  in  a 
stream  of  hydrogen  gas,  begins  to  exhibit  incandescence,  from  formation 
of  water,  even  before  the  heat  is  raised  to  redness;  it  likewise  blackens 
and  yields  globules  of  lead;  and  gives  off  10-7  per  cent,  of  oxygen  at  a 
comparatively  low.  temperature, .  and  11*8  per  cent,  at  a  higher  tempo* 
rature : 

2(PbO,CrO»)  +  5H  =  2Pb  +  Ci^O*  +  5HO. 

According  to  this  calculation,  100  parts  of  the  salt  should  give  off  12-2 
parts  of  oxygen.  If  oxygen  gas  be  again  passed  over  the  residual  mass, 
and  heat  applied,  7  per  cent,  of  oxygen  is  rfr-absorbed  with  vivid  incan- 
descence. (Marchand.) — The  salt  when  ignited  with  charcoal,  yields 
chromic  oxide  and  metallic  lead.  (Moser.) — If  balls  made  with  from  4  to 
8  parts  of  this  salt,  1  part  of  sulphur^  and  water,  be  dried  and  then  ignited 
in  a  glaas  tube,  they  exhibit  a  dingy  brownish-green  colour  after  cooling, 
and  take  fire  on  exposure  to  the  air,  with  incandescence  and  evolution  of 
sulphurous  acid;  concentrated  nitric  acid  afterwards  extracts  from  them 
considerable  quantities  of  chromic  oxide  and  lead-oxide;  cold  acetic  acid 
likewise  extracts  a  large  proportion  of  lead-oxide.  (Anthon,  Repert,  81, 
358.)  The  salt,  when  boiled  with  aqueous  carbonate  of  potash,  becomes  first 
cinnabar-red  [salt  a],  then  yellowish-white  [carbonate  of  lead-oxide];  and 
th.e  liquid  takes  up  considerable  quantities  of  chromic  acid  and  lead- oxide, 
which,  on  the  addition  of  sulphuric  acid,  are  completely  precipitated  in 
the  form  of  chromate  of  lead-oxide.  (Brandenbnrg,  Scher.  IT.  Ann,^,^\,) 
—The  salt  dissolves  completely  in  caustic  potash  (Vauquelin);  the  solu- 
tion saturated  while  hot/^deposits^  after  a  few  day8»  delicate  yeUowiAh-ved 
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lamiDSB  of  the  salt  a.  (Wohler  Sc  Liebig.) — Heated  salphuric  acid  decom- 
poses the  salt^  with  formation  of  lead-sulphate;  heated  hydrochloric  acid 
forms  a  green  solution  of  chromic  hjdrochlorate^  with  separation  of  chlo- 
ride of  lead,  and  evolution  of  chlorine  gas.  If  the  hydrochloric  acid  is 
mixed  with  alcohol,  the  formation  of  the  green  solution  is  attended  with 
the  evolution  of  hydrochloric  ether.  The  salt  is  insoluble  both  in  pure 
water  and  in  water  containing  sal-ammoniac;  but,  according  to  Conybearo 
{N,  JSdinb,  Phil.  J,  7,  109)^  it  dissolves  sparingly  in  water  containing 
chromate  ef  potash. 

Lead  and  Uranium. 

Uranate  of  Lead-oxide. — PbO,  2U*0*. — 1.  By  precipitating  an 
aqueous  mixture  of  lead-nitrate  and  uranic  nitrate  with  ammonia.  (Arf- 
vedson,  Po^g.  1,  258.) — 2.  By  boiling  freshly  precipitated  lead-carbonate 
with  uranic  acetate  till  the  U>rmer  acquires  a  yellowish-red  colour,  and 
afterwards  boiling  with  fresh  uranic  acetate.  (Wertheim,  J.  pr.  Chem. 
29,  228.) — 3.  By  precipitating  basic  lead-acetate  with  uranic  nitrate. 
(Persoz,  Ann.  Ghim.  Phya.  5Q,  335.) — Yellowish-red  substance,  which 
when  ignited,  first  becomes  brown-red  and  then  again  yellowish-red.  If 
heated  in  a  pottery-furnace,  it  acquires  a  straw -yellow  colour,  without 
any  reduction.  (Wertheim.)  Becomes  cinnamon-coloured  by  ignition. 
When  ignited  in  a  current  of  hydrogen  gas,  it  gives  off  6*34  per  cent,  of 
oxygen  and  yields  a  dark  brown  powder  [a  mixture  of  uranous  oxide  and 
lead],  which,  if  exposed  to  the  air  after  perfect  cooling,  takes  fire  and  is 
reconverted  with  incandescence,  into  uranate  of  lead-oxide  (Arfvedson)  : 

PbO,2U»0»  +  3H  =  Pb  +  4UO  +  3HO. 

After  ignition,  it  is  very  difficultly  soluble  in  acetic  acid.  (Wertheim.) 

W^ertheim. 

PbO  112        ....        28        28-79 

2U«0»    288         ....         72        7102 


PbO,2U«0» 400        ....       100        99-81 


Lead  and  Manganese. 

A.  Permanganate  of  potash  gives  with  nitrate  of  lead-oxide  a  brown 
precipitate,  which  dissolves  completely  in  cold  nitric  acid,  forming  a  brown 
solution.  (Forchammer.) 

B.  Manganous  oxide  fuses  with  lead-oxide,  forming  a  green  glass, 
which,  when  it  takes  up  more  oxygen  from  the  air,  assumes  a  brown-red 
colour.  (Berthier.) 

Lead  and  Arsenic. 

A.  Arsenide  op  Lead.—I.  Melted  lead  takes  up  one-sixth  of  its 
weight  of  arsenic,  without  visible  combustion,  thereby  becoming  brittle, 
and  acquiring  alaminar  texture.  Lead-^t  are  made  of  lead  with  a  ver^ 
small  Quantity  of  arsenic. -2.  Arseuiate  of  lead-oxide  reduced  in  a 
charcoal  crucible  yields  a  semi-ductile  alloy,  which  exhibits  a  white 
fracture,  and  gives  up  jdl  its  arsenic  if  exposed  for  some  time  to  a  white 
neat  m  a  charcoal  crucible*  (Fournet.) 
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B.  Arsenitb  op  Lead-oxidb  or  Lead-arsbnitb. — a.  Bibasie. — 
] .  By  precipitating  basic  acetate  of  lead-oxide  with  ammonia  saturated 
with  arsenions  acid. — White  powder,  which,  when  heated,  gives  ofF  its 
combined  water,  and  fuses  to  a  yellowish,  idio-electric,  yitreous  mass.  (Ber* 
zelius,  Ann.  Chim.  Phys,  11,  233.) — 2.  When  arsenions  acid  vapour  is 
passed  over  i^ited  lead-oxide,  it  is  rapidly  absorbed,  the  oxide  fuses  and 
becomes  red-hot,  and,  on  cooling,  solidifies  to  a  sulphur-yellow  enamel  or 
glass,  which  fuses  readily  and  is  not  decomposed,  oven  at  a  bright-red 
heat.  No  arsenic  or  lead  is  reduced  to  the  metallic  state,  unless  either 
the  oxide  of  lead  or  the  arsenions  acid  is  in  excess;  when  the  proper  pro- 
portions are  observed,  nothing  but  [bibasicl]  arsenite  of  lead-oxide  is  pro- 
duced. (Simon,  Pogg.  40,  336.) — Arsenite  of  lead-oxide  is  not  soluble 
either  in  aqueous  ammonia,  or  in  arsenite  of  ammonia  or  other  ammo- 
niacal  salts.  (Wittstein.) 

Benelias. 

2PbO 224      ....      69-35        68*7 

AsO» 99      ....      30-65        31'3 

2PbO,AsO»   ....        323      ....     lOO'OO        Zil      100*0 

5.  Monobasic. — By  precipitating  a  monobasic  lead-salt  with  aqueous 
ammonia,  which  has  been  saturated,  while  warm,  with  arsenions  acid. — 
White  powder,  which,  when  triturated  in  a  mortar,  becomes  more 
strongly  electrical  than  sulphur.  When  heated,  it  fuses  to  a  yellowish, 
strongly  idio-electric  glass,  and  a  small  portion  of  the  arsenions  acid  and 
combined  water  are  given  off.    Slightly  soluble  in  water.  (Berzelius.) 

Beneliiu. 

/-  ^ 

earlier.  later. 

PbO    112    ....     5308      54-333      ....      52-644 

AsO*  99     ....     46-92      45-667       ....      47356 

PbO,A80» 211     ....  100-00      100000      ....     100000 


C.  Arseniate  of  Lbad-oxide  or  Lead-arseniate. — a.  Terbadc.-^ 
1.  By  precipitating  neutral  lead-acetate  with  diarseniate  of  soda,  in 
whicn  cfuse  free  acetic  acid  remains  in  the  liquid,  or  by  precipitating  any 
lead-salt  with  diarseniate  of  soda  in  excess,  whereby  monoarseniate  of 
soda  is  produced.  (Mitscherlich.) — When  neutral  lead-acetate  is  precipi- 
tated by  trisarseniate  of  soda,  the  precipitate  contains  more  than  3  atoms 
of  base  if  the  lead-salt  is  in  excess;  but  if  a  solution  of  1  part  of  lead-acetate 
be  added  to  a  solution  of  1  part  of  trisarseniate  of  soda  (in  which  case 
the  latter  will  predominate),  the  precipitate  will  consist  ot  terbasic  salt. 
(Graham,  Fogg,  32,  51.) — 2.  By  digesting  6  with  ammonia.  (Berzelius.) 
White,  fusible  powder.  (Berzelius.)  When  raised  to  a  low  red  heat,  at 
which  it  neither  fuses  nor  bakes  together,  it  acquires  a  transient  yellow 
colour.  (Qraham.)  Insoluble  in  water;  likewise  insoluble  in  aqueous 
ammonia  and  its  salts.  (Wittstein.) 

Beraelius  (2).  Graham  ( i). 

3PbO 336      ....      74-5        74*75        7433 

AsO*  115       ....      25-5        25-25        25-67 

3PbO,AsO* 451       ....     1000        ZZ       10000        ZZ       10000 

h.  Bibasic. — Formed  slowly  by  the  action  of  air  and  aqueous  arsenic 
acid  upon  lead;  precipitated  on  mixing  aqueous  hydrochlorate  or  nitrate 
of  lead-oxide  with  arsenic  acid, — or  on  gradually  dropping  diarseniate  of 
ammonia,  potash,  or  soda,  into  an  excess  of  mononitrate  of  lead-oxide. 
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(Benelins,  Mitacberlich.)  Fuses  more  easily  than  a,  forming  an  opaqne 
mass;  crystallizes  on  cooling,  according  to  Mitscherlicb,  but  according  to 
H.  Rose  it  does  not.  On  charcoal  in  the  inner  flame,  it  exhales  an  odour 
of  arsenic,  and  yields  globules  of  lead.  (H.  Rose.)  Dissolves  in  hydro- 
chloric or  nitric  acid,  but  not  in  water  or  acetic  acid. 


BerzeUut. 

Th^Bud. 

CheneTix. 

2PbO 

224 

....    e608 

....      65*86 

....      64-3 

....      63 

AsO*  

115 

....    33-92 

....       3414 

....      35-7 

••••        39 

HO    

■  •■• 

■  «•• 

•  ••• 

•  ■•«                            m 

2PbO,A80S 

339 

....  100-00 

....     100-00 

....     1000 

....     100 

D.  SnLPBARSBKiTB  OP  IiEAD. — 2PbS,  AsS'.— Red-brown  precipitate, 
black  after  drying,  and  yielding  a  brown  powder;  fuses  readily  without 
giving  off  sulphide  of  arsenic,  and  solidifies  to  a  metal-grey  mass,  having  a 
shining,  crystalline  fracture,  and  yielding  a  grey  powder.  (Berzelius,  Fogg, 
7,  147.) — 10  parts  of  galena  heated  to  whiteness  in  a  charcoal  crucible 
with  5  parts  of  orpiment,  volatilize,  leaving  only  1  part  of  ductile  lead; 
hence  orpiment  favours  the  volatilization  of  sulphide  of  lead.  (Foumet.) 

E.  Sttlpharseniate  of  Lead. — Lead-salts  give  datk  brown  precipi-> 
tates  with  the  aqueous  solution  of  bibasic  sulpharseniate  of  sodium^  and 
red  with  the  terbasic  salt.  Both  precipitates  turn  black  when  dry.  (Ber- 
zelius.) 

F.  Aeseniatb  op  Lead-oxide  with  Chloride  op  Lead.— In  many 
kinds  of  Fyromorphite  (p.  149),  especially  in  the  yellow  variety,  the 
phosphoric  acid  is  partly  replaced  by  arsenic  acid.  Specific  'gravity 
7'208.  (Mobs.)  The  ore  which  contains  arsenic  acid  is  distinguished 
from  that  wliich  contains  phosphoric  acid  only,  by  the  arsenical  odour 
which  it  evolves  when  heated  on  charcoal  before  the  blowpipe,  and  by 
being  rapidly  reduced  to  metallic  lead  aUoyed  with  arsenic. 

G.  Arsenide  op  Lead  and  Potassium.— Formed  by  igniting  in  a 
well  closed  crucible,  2  parts  of  lead,  1  of  arsenions  acid,  and  2  of  tartar. 
The  mass  when  immersed  in  water  by  itself  remains  almost  unaltered, — 
but  if  in  contact  with  mercury,  which  removes  the  coating  of  lead,  it 
yields,  in  the  course  of  a  few  weeks,  a  large  quantity  of  arseniuretted 
hydrogen  gas.  (SeruUus,  J.  Phys,  93,  1 37.) 


Lead  and  ANTtMoNY. 


A.  Antimonide  op  Lead. — a,  Pb"Sb. — Found  on  the  hearth  of 
a  smelting-furnace  at  the  Mulder  works.  Broad,  thin,  six-sided  prisms, 
with  two  of  the  lateral  faces  very  much  enlarged,  and  the  angles  of  the 
lateral  edges,  about  144°,  97°,  and  133°.  Specific  gravity  921.  Mal- 
leable; of  the  hardness  of  calcspar;  steel-grey.  Fuses  less  easily  than 
pure  lead,  and  covers  the  charcoal,  first  with  a  white  film  of  lead-oxide, 
then  with  a  similar  film  of  zinc-oxide,  and  lastly  with  a  yellow  film  of 
lead-oxide.  (Karsten,  Fogg.  55,  118.) 
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Kanten. 

18Fb 1872      ....      93^5        90-10 

Sb 129       ....         6-45         6*48 

Zn    ....                        1-42 

Ca ....                        1*50 

Ag    ....                        0-24 

Ni,A8,S  ....                        trace 

PbW,Sb 2001       ....     10000        IZ!        9974 

h,  Pb^Sb. — An  alloy  of  416  parts  lead,  and  129  antimonj  is  laminar, 
brittle,  bluish- white,  shining,  and  does  not  evolve  antimony  when  heated 
to  whiteness  in  a  charcoal  crncible.  (Foumet.) — e.  Pb*Sb. — ^208  pta.  lead 
with  129  antimonj  give  off  but  a  small  qnantitj  of  antimonj  when  heated 
to  whiteness  in  a  charcoal  cmeible. — -With  2  At.  antimonj  a  larger 
quautitj  is  evolved,  and  with  6  atoms,  a  verj  large  quantitj.   (Fonmet.) 

Type-metal  contains  83  pts.  lead  and  17  antimonj.  (Heeren.)  An 
alio  J  of  3  pts.  lead  and  1  pt.  antimonj  is  ductile  but  hard;  that  which 
contains  equal  portions  of  the  two  metals  is  brittle  and  laminar. 

B.  Amtimoniatb  of  Lead-oxide. — Prepared  with  nitrate  of  lead- 
oxide  and  antimoniate  of  potash.  Formed  likewise  bj  treating  antimonide 
of  lead  with  hot  nitric  acid. — White  curdy  precipitate;  turns  jellow  and 
gives  off  water  when  heated;  infusible.  When  ignited  on  charcoal  before 
the  blowpipe,  it  is  reduced,  with  slight  detonation,  to  antimonide  of 
lead.  Not  completelj  decomposed  bj  nitric  acid.  Insoluble  in  water, 
(Berzelius.) 

Naples  Yellow  is  antimoniate  of  lead-oxide.  It  is  formed  bj  mixing 
intimatel J  1  part  of  tartar-emetic,  perfectl j  freed  from  iron  b j  re-crjstal- 
lization,  with  2  parts  of  crjstallized  lead-nitrate  and  4  parts  of  common 
salt— igniting  the  mixture  in  a  hessian  crucible  for  two  hours,  at  a  heat 
sufficient  to  fuse  it — separating  the  cooled  mass  from  the  crucible  bj 
slight  blows — and  extracting  the  chloride  of  sodium  with  water.  Bj 
this  treatment,  the  Naples  Yellow  is  disintegrated  and  reduced  to  a  fine 
powder;  if  too  strong  a  heat  has  been  applied,  it  forms  a  hard  mass  which 
will  not  disintegrate. — A  cheaper  but  less  beautiful  product  is  obtained 
bj  mixing  2  parts  of  a  pulverized  alloj  of  equal  parts  of  lead  and  antimonj 
(or  pulverized  printing  tjpes)  with  3  parts  of  nitre  and  6  of  common 
salt,  then  heating  to  redness  and  exhausting  with  water  as  above. 
(Brunner,  Pogg.  \4iy  137;  also  J.  pr,  Chem.  10,  196.) — Older  recipes: 
12  pts.  white  lead,  3  antimonium  diaphareticuro,  1  sal-ammoniac,  I  alum 
or  pearl-ash;  or:  16  grej  sulphide  of  antimonj,  24  lead,  1  common  salt, 
1  sal-ammoniac,  &c.  The  mixture  is  to  be  ignited  in  the  air  gently  at 
first,  but  afterwards  more  stronglj  for  several  hours,  and  then  washed. — 
Orange- jellow,  verj  permanent  oil-colour. 

C.  SuLPHANTiMONiTE  OP  Lead. — Lead-gTcj  with  metallic  lustre, 
easilj  fusible;  when  ignited  upon  charcoal,  it  evolves  sulphurous  acid 
and  forms  a  white  and  afterwards  a  jellow  deposit.  According  to 
Fournei,  it  leaves  antimonide  of  lead  when  ignited  in  the  charcoal 
crucible.  Hot  nitric  acid  converts  it  into  a  white  powder  of  antimoniate 
of  lead-oxide.  Dissolves  in  strong  boiling  hjdrochloric  acid  with 
eTolati<»n  of  snlphnretted  hjdrogen. — a.  Sexbanc, — Kilkbrickenite.'—* 
Sp.  gr.  6-4(>T.  (Apgohn,  Jakretber,  22,  193.) 
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Or: 

6Pb 624    ....     69-57      ....      6887  6PbS  ........     720      ....      8027 

Sb  129     ....     14-38      ....       14-39  SbS»   177      ....       19-73 

9S 
Fe 


KilkbrieieniU. 

Apjohn. 

624     ....     69-57 

....      68-87 

129     ....     14-38 

....       14-39 

144     ....     1605 

....       16-36 

■  •  •■ 

0-38 

6PbS,SbS»....     897     ....  10000       ....     lOO'OO  897       ....     100-00 

h.  QuitUohasic. — OeocroniU, — Prom  Sala:  Specific  gravity  5*88;  mas- 
sive; light  lead-grey  (Svanberg,  Pogg.  51,  535.)  From  Mevida:  Sp.  gr. 
6-43.  (Saavage,  Jakretber,  21,  185.) 


Geocranile.               Sanvag«. 

Svanberg; 

5Pb 

520 

....     C6-92     ....     64-89 

55Pb    6720    ....    6911 

....     66-45 

8b  

129 

....     16-60     ....     1600 

6Sb         774     ....      9-35 

....       9-58 

8S  

128 

....     16-48     ....     16-90 

5As         375    ....      4-53 

....       4-70 

Cu 

1-60 

88S       1408     ....     1701 

....     16-26 

Zn,  0-11;— Fe,  0-42;- 

-Cu,  1-52;— Bi,  Ag,  trace 

2-05 

5PbS,SbSS 

777 

....  100-00     ....     99-39 

8277     ....  100-00 

....     99-04 

In  the  Geocronite  from  Sala,  part  of  the  antimony  is  replaced  by 
arsenic. 

c,  Terhasic.  —  Boulangerite.  —  Crystallo-laminar    or    fine-grained. 
Sp.  gr.  from  5*69  to  5-97.     Dark  lead-grey. 

Bonlanger.    Thanlow.      Bromeis.     Abendrotb. 

Boulangerite,  Moliirea.  Lapland.  KerUchinsk.  Oberlahn. 

3Pb  312  ....  5810  ....  53-8  ....  5557  ....  56-29  ....  55-60 

Sb 129  ....  2402  ....  255  ....  2460  ....  2504  ....  2540 

6S 96  ....  17-88  ....  18-6  ....  18-86  ....  1822  ....  1905 

Fe  1*2 

Cu  ....  ....  0-9 

3PbS,SbS»       537     ....  100-00      ....     1000     ....     99-03     ....     9956     ....  10005 

d.  Bihcuic. — Feather-ore, — Soft  needles  of  a  lead-grey  and  smoke- 
grey  colour. 

Feather- we,  H.Rose.  Or: 

2Pb  208  ....  49-88  ....  4687     2PbS 240  ....  57-55 

Sb 129  ....  30-93  ....  3104     SbS« 177  ....  42-45 

5S 80  ....  19-19  ....  19-72 

Fe,  1-30;  Zn,  008 ....   1-38 

2PbS, fibs'  417  ....  10000  ....  9901 


Sp.  gr.  5'5(i, 

Jametonite 

3Pb 312       ....       43-70 

2Sb 258       ....       36-13 

98  144       ....       20-17 


Bi 
Cu 

Fe 


417     ....  10000 

sms:   u' 

:  tt  =  101°  30'; 

H.  Rose. 

SohafTgotsch. 

Cornwall. 

Estremadura. 

40-75 

39-97 

34-40 

32-62 

2215 

21-79 

1-06 

0-13 

0-42 

2-30 

3-63 

3PbS,2SbS»  ....       714       ....     10000        9973        99*49 

/.  Four-ihirds-hasic, — Plagionite, — Crystals  belonging  to  the  oblique 
prismatic  system,  u'  :  u=  120° 49'.  Cleavage  parallel  to u.  Sp. gr.  5-4. 
Colour  dark  lead-grey.  Decrepitates  nvhen  heated.  (Zinken,  Fogg.  22, 
492;  G.  Rose,  Fogg.  28,  421.) 
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6.  Roie.        Kadenutscb. 
Plagionite  WoUtbofer  iiiiue. 

4Pb     416       ....       4115         40-52       ....       4098 

3Sb     387       ....       38-28        37*94       ....       3753 

13S     208       ....       20-57         21-53       ....       21-49 

4PbS,SbS3 Ion       ....     100-00        ZZ         99-99       ....     100-00 

Monobasic, — Zinkenite. — Six-sided  prisms,  probably,  as  in  Arragonite, 
made  up  of  rhombic  prisms.  Sp.  gr.  5  31.  Fracture  uneven.  Softer 
than  calcspar.  Decrepitates  strongly  bafore  the  blovrpipe.  (G.  Rose, 
J^ogg,  7,  91.)  When  ignited  in  hydrogen  gas,  it  gives  off  all  its  sulphur, 
and  leaves  a  residue  of  antimony.  (Wohler.) 

H.  Rose. 
WoITsberger  mine.  Or : 

Pb 104     ....     3502       ....       31-84  PbS 120     ....     40*4 

Sb 129     ....     43-43       ....       44*39  SbS»    77     ....     59-6 

4S 64     ....     21-55       ....       22-58 

Ca ....  ....         0-42 

PbS,SuS'  ....     297     ....  10000       Z       90*23  297     ....  1000 

D.  SuLPHANTiMONiATE  OF  Lead. — When  a  solution  of  lead-acetate 
is  gradually  added,  with  constant  agitation,  to  an  excess  of  solution  of 
terbasic  sulphantimoniate  of  sodium,  a  dark  brown  precipitate  is  pro- 
duced, which,  when  ignited  out  of  contact  of  air,  gives  off  sulphur, 
together  with  a  trace  of  sulphurous  acid,  and  leaves  from  94  to  95  per 
cent,  of  residue  having  the  composition  of  Boulangerite  (3PbS,SbS'). 
Boiling  potash-ley  extracts  the  sulphide  of  antimony  from  the  precipitate 
and  leaves  the  sulphide  of  lead;  the  sulphide  of  antimony  may  be  pre- 
cipitated from  the  filtrate  by  acids  without  evolution  of  sulphuretted 
hydrogen. — If,  on  che  contrary,  the  solution  of  the  Schlippe*s  salt  be 
added  by  degrees  to  an  excess  of  lead-acetate,  and  the  mixture  boiled  for 
some  time,  the  precipitate  will  contain  a  mixture  of  8PbS  and  SbO* 
(compare  I V,  858).  'J'his  mixture,  when  ignited  in  close  vessels,  yields 
a  large  quantity  of  sulphuric  acid,  a  sublimate  of  antimonic  oxide,  and  a 
half-fused,  lead-grey  residue.  (Rammelsberg,  Pogg.  52,  223.) 


Rammelsberg. 

3Pb    

...       312 

....        d4'bo           .... 

55*64     to    57-46 

Sb 

....       129 

....       22*67 

8S 

....       128 

22*50 

20-28     to     21-55 

3PbS,SbS'' 

...       569 

....     10000 

Lead  and  Tellurium. 

A.  Telluridb  of  Lead. — These  two  metals  fuse  together  with 
facility.  Native  telluride  of  lead  is  massive;  may  be  cleft  parallel  to  the 
faces  of  a  cube;  has  a  density  of  8*159,  and  the  hardness  of  calcspar;  it 
may  be  rubbed  to  fine  powder,  and  has  a  yellowish  tin-white  colour. 
On  charcoal  it  imparts  a  blue  colour  to  the  blowpipe-flame;  in  the  inner 
flame  it  fuses  to  a  bead  which  gradually  diminishes  in  size  till  nothing 
remains  but  a  small  globule  of  silver.  This  globule  is  surrounded  with 
an  inner  ring  of  telluride  of  lead  which  has  been  volatilized  and  re- 
solidified, and  an  outer  ring  of  a  brownish-yellow  colour,  which,  when  the 
blowpipe  flame  is  directed  upon  it,  turns  blue  and  then   disappears. 

TOL.  T.  N 
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Id  the  outer  flame  the  metallic  deposit  is  smaller,  the  yellowish-brown 
more  considerable.  When  the  mineral  is  fused  in  an  open  glass  tube,  a 
ring  of  white  drops  forms  round  it,  and  the  white  fume  which  rises,  yields 
a  white  sublimate,  which  runs  together  into  a  drop  when  heated  (telluric 
oxide).  Dissolves  in  cold  nitric  acid,  but  more  quickly  in  the  same  acid 
when  hot.  (G.  Rose,  Fogg.  18,  68.) 


G.  Rose. 

From  Altai 

Pb 

104 

•  ••• 

61*9 

60-35 

Tc  

64 

tta« 

381 

38-37 

Ag 

«••• 

■  •  I 

1-28 

PbTe 

168 

•  ••• 

100  0 

10000 

B.  Tellurite  op    Lead-oxide. — a.    Basic.  —  Tellurite  of   potash 

yields  with  basic  lead-acetate  a  bulky,   translucent,  somewhat  soluble 

precipitate.— 6.  MonotelluHte. — By  precipitation  of  neutral  lead-acetate. 

The  white  precipitate,  when  heated,  gives  off  water,  turns  yellow,  and 

then  fuses  into  a  translucent  mass.     Before  the  blowpipe,  on  charcoal, 

it  is  reduced,  with  slight  detonation^  to  telluride  of  lead.     It  is  easily 

soluble  in  acids.  (Berzeiius.) 

Berzelius. 

PbO 112       ....       58-33         57-8 

TeO» 80       ....       41-67         42-2 

PbO,TeO»  192      ....     100-00        !ZI       1000 

C.  TELi.tTRATE  OF  Lead-oxtde.— a.  Basic. — Monotellurate  of  potash 
gives  with  basic  lead-acetate  a  white,  voluminous  precipitate,  difficult  to 
wash,  and  not  quite  insoluble  in  water. — 6.  Monotellurate. — The  preci- 
pitate formed  with  neutral  lead-acetate  is  white,  heavy,  and  somewhat 
soluble  in  water. — c.  BUellurate. — By  precipitating  neutral  lead-acetate 
with  bitellurate  of  potash  or  soda.  The  precipitate  is  more  soluble  in 
water  than  6. — d.  Quadrotellurate. — The  precip  tate  obtained  with  an 
alkaline  quadrotellurate  turns  yellow  when  ignited,  and  white  again  on 
cooling.  It  dissolves  in  dilute  nitric  acid,  even  after  ignition;  more 
sparing  in  dilute  acetic  acid,  remaining  in  the  form  of  a  white  powder 
when  the  acid  evaporates;  it  is  soluble  to  a  considerable  extent  in  water. 
(Berzelius.) 

B.  SuLPHOTELLuniTE  OP  Lead. — The  brown  precipitate  turns  black 
on  drying,  gives  oflf  water  when  ignited  in  a  retort,  and  leaves  a  grey 
mass  having  the  metallic  lustre.  (Berzelius.) 


Lead  and  BisMUTa. 

A.  Allot  op  Lead  and  BisMUT&.-^These  metals  unite  readily  in  all 
proportions  and  with  condensation.  When  3  At.  lead  are  united  with 
2  At.  bismuth,  the  mixture  exhibits  but  one  solidifying  point  (p.  103), 
viz.  at  12D°;  when  the  metals  are  united  in  other  proportions,  a  hi^er 
solidifying  point  likewise  exists  besides  the  former,  viz.  at  146'^  in  Pb'Bi, 
and  at  143^  in  PbBi.  (Rudberg.)  a.  When  alloyed  with  a  small  quantity 
of  bismuth,  lead  retains  its  malleability,  but  becomes  much  more  tough. — 
h.  Pb'Bi  =  312  :  213.  Fuses  between  163^  and  171^  (Dobereiner, 
Sckw.  42,  182.) — c.  1  part  of  lead  to  1  part  of  bismuth:  Brittle,  with 
laminar  fracture,  the  colour  of  bismuth,  and  specific  gravity  10*7097. 
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(Mnscbenbroek.^  Light  lead-grey;  elose-gimined;  doei  not  expand  in 
cooling.  (Marx.) — d,  1  part  of  lead  to  2  bismuth:  Fracture  crjstallina 
and  coarse-grained;  does  not  expand  perceptibly  in  solidifying.  (Marx.) 
^-e.  1  part  lead  to  8  bismuth:  Fracture  laminar;  expands  slightly  in 
solidifying.  (Marx.) — /.  1  part  lead  to  8  bismuth:  Coarsely  laminar;  of 
the  colour  of  antimony;  expands  in  solidifying.  (Marx,  Sckw.  58,  463.) 
—IT  According  to  Thomson,  the  alloy  PbBi  has  a  specific  gravity  of 
10*831,  and  melts  at  134  3*';  and  PbBi^  has  a  sp.  gr.  of  10*509,  and  melts 
at  128  2^  (Liebig  and  Kopp's  Jakreiber,  1849,  1040.)— Bi'Pb'  fuses 
at  122-4°.  (Person.)  H 

B.  SuLPBOBisMUTHATE  OP  Lead. — 3PbS,BiS*. — Kobellvte. — Specific 
gravity  6*29. ..6*32.  Fracture  radiating.  Colour  dark  lead-erejr  with 
metallic  lustre,  like  crude  sulphide  of  antimony;  not  very  hard;  yields  a 
black  powder.  When  ignited  in  an  open  tube,  it  yields  sulphurous  acid 
and  antiraonic  oxide;  fuses  with  strong  intumescence  at  first,  but  after- 
wards quietly,  and  becomes  surrounded  with  a  yellow  glass.  Forms  a 
white  deposit  on  the  charcoal  in  a  weak  blowpipe  flame,  and  a  yellow 
deposit  in  a  stronger  flame.  In  the  inner  flame  it  fumes  strongly  and 
yields  a  white  metallic  bead.  With  carbonate  of  soda  it  melts  together 
and  sinks  into  the  charcoali  leaving  a  semi-mallei^bl^  BmetalUq  globule. 
(S^tterberg,  Fogg.  55,  635.) 


3PbS  

BiS«    

360 
261 

•  ■«• 

•  ■«• 

•  !«• 

■  •  •• 

•  ■•• 

■  •■• 

67*97 
4203 

Settcrberc* 
From  Nerike. 

46*36 

33*18 

FeS 

Cu«S  

SbS»   

Matrix    

4-72 

1*08 

12-70 

1-45 

3PbS,Bia» 

621 

•  •  •  • 

10000 

99*49 

In  this  mineral,  FeS  probably  replaces  part  of  the  PbS,  and  SbS'  part  of 
the  BiS'. 

Lead  and  Zvxo* 

Allot  op  Lead  and  Zinc. — Lead  readily  nnitea  with  nM,  thereby 
becoming  harder ;  but  its  ductility  is  not  impaired  by  any  proportion  of 
zinc.  (J.  F.  Gmelin.)  When  it  is  heated  to  whiteness  in  a  charcoal 
crucible  with  ^....-^  linc^  the  lead  gives  up  the  whole  of  (he  MACt 
(Fonmet.) 

Lead  and  Tlic. 

A.  Alloys  op  Laad  and  TiN.-^Lead  and  tin  nnite  in  all  ]^]iK>rtifiM 
The  alloy  is  harder,  more  tenacious  and  more  fusible  than  either  tin  or 
lead  alone.  From  an  alloy  containing  not  more  than  8  parts  of  lead  to 
1  part  of  tin,  vinegar  dissolves  out  nothing  but  the  tin.  (Proust,  Gummi, 
Pfaff,  Ann.  Chim,  57,  13;  Sckw,  6,  225;  11,  14.) 

The  specific  gravity  of  the  alloy  is  below  the  mean  detonnined  by 
calculation;  2  volumes  of  tin  combine  with  1  volume  of  lead,  almost 
without  change  of  volume  (denoted  in  the  table  by  2  :1M.);  but  the 
farther  the  proportions  deviate    either  way  from  this  •tandaxd,   ih« 
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greater  is  the  difference  between  tbe  calculated  and  the  actual  density,  as 
shown  by  the  following  table.  In  this  table  the  melting  points  (M.P.)  of 
the  alloys  are  also  given. — The  specific  gravities  and  melting  points  of 
some  of  the  alloys^  as  determined  by  Thomson,  are  likewise  added. 


Knpffer. 

Thomson. 

Specific  gravity. 

M.P. 

Specifii 

c  gravity. 

M.P. 

observed. 

calculated. 

difr. 

obs. 

cal.           diff. 

Sn'Pb 

7-9210  .... 

7-9326  .... 

116 

Sn*Pb 

8-0279  .... 

8-0372  .... 

93 

....  194 

Sii^Pb 

81730  .... 

8-1826  .... 

96 

....  189 

7-850 

....    o*04d    ....    *)VD   .... 

1900* 

Sn'Pb 

8-3914  .... 

8-3983  .... 

69 

....  186 

8-549 

....  9-002  ....  453  .... 

182-8 

2:  IM 

8-6371  .... 

8-6.S75  .... 

4 

....  194 

Sn«Pb 

8-7454  .... 

8-7518  .... 

64 

....  196 

8-688 

....  9-209  ....  521  .... 

182-8 

SnPb 

9-4263  .... 

9-4366  .... 

103 

...  241 

9-288 

....  9-899  ....  611  .... 

182-2 

SnPb» 

100782  .... 

100936  .... 

154 

SnPb» 

10-3868  .... 

10-4122  .... 

254 

....  239 

SnPb* 

11-5551  .... 

10-6002  .... 

431 

Regnault   (Ann,  Chim.  Phys.  76,  136)   foand  the  specific  gravity   of 
Sn»Pb=8-777,  and  that  of  SnPb=9-387  at  13-3°. 

The  alloy  Sn'Pb  has  one  solidifying  point,  viz.  at  187°  (182-8  accord- 
ing to  Person);  the  other  alloys  likewise  exhibit  a  higher  solidifying 
point,  which  for  Sn"Pb,  is  at  210^;— for  Sn«Pb,  at  200°;— for  Sn*Pb,  at 
190;_for  Sn*Pb,  at  200';— for  SnPb,  at  240^;— for  SnPb»,  at  270;— and 
for  SnPb',  at  280.  (Rudberg.) 

32  parts  of  tin  to  1  lead  :  ( Vierstempliges  Zinn), — 5  parts  of  tin  to 
1  lead  {Dreistempliges  Zinn).  The  ordinary  proportion  fixed  by  law 
for  tin- vessels. — 4  parts  tin  to  1  lead;  Five-pound  Tin  {Funfpfundiges 
Zinn). — 3  parts  tin  to  1  lead;  Four-pound  Tin  {Vierpfundiges  Zinn), 
— 2  parts  tin  to  1  lead :  Fine  solder;  Tkree-pourid  Tin  {Zweistempliges 
or  dreipfundiqes  Zinn). — 1  part  tin  to  1  lead:  Common  solder;  Two- 
pound  Tin  {Zweip/undiges  Zinn),'—!  part  tin  to  2  lead:  Coarse  solder. 

B.  Stannate  of  Lead-oxide. — An  alloy  of  lead  and  tin  fused  in 
contact  with  the  air  oxidizes  much  more  quicKly  than  either  metal  alone^ 
the  change  being  accelerated  by  the  afiinity  which  the  two  oxides  have 
for  one  another.  The  alloy  of  1  part  tin  with  4  or  5  of  lead  burns  at  a 
red  heat  like  charcoal,  the  combustion  afterwards  going  on  spontaneously 
like  that  of  inferior  peat,  with  formation  of  caulifiower-like  excrescences. 
(Berzelius.)  The  presence  of  platinum  in  the  alloy  retards  the  combus- 
tion; gold,  on  the  contrary,  does  not  interfere  with  it,  being  apparently 
converted  at  the  same  time  into  purple  oxide.  (Fox,  J.  Roy.  hut.  1,  626.) 
— Aqueous  stannate  of  potash  mixed  with  a  lead-salt  gives  but  a  slight 
precipitate  of  stannate  of  lead-oxide:  it  appears  to  be  somewhat  soluble. 
(Moberfif.)  — The  lead-ash  containing  tin,  or  tin-ash  containing  lead, 
^tamed  by  oxidating  an  alloy  of  the  two  metals,  forms  a  white  opaque 
Enamel  when  fused  either  alone  or  with  silica  and  alkali :  Dial  plates  and 
other  White  Enamels. 

C.  Antimonide  op  Lead  and  Tin.— Antimonide  of  tin  is  rendered 
brittle  by  admixture  of  lead.  (Chaudet.) 

D.  Alloys  op  Bismuth  Lead,  and  Tin. -2  parts  of  bismuth,  1  lead 
and  1  tin,  form  Roses  JVm6;<j  metal;  8  parts  bismuth,  5  lead  and  3  tin; 
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Newton's  and  d'Arcet's;  5  parts  bismuth,  2  lead  and  3  tin :  Lichtenberg's. 
All  these  alloys  melt  below  the  boiling  point  of  water.  An  alloy  of 
426  parts  (2  At.)  bismuth,  177  (3  At.)  tin,  and  312  (3  At.)  lead,  fuses, 
according  to  Dobereiner,  at  99°. — Rose's  fusible  metal  melts  at  93  75**. 
(G.  A.  Erman,  Pogg.  20,  283.) — In  whatever  proportion  the  three  metals 
are  mixed,  they  exhibit  one  fixed  solidifying  point,  at  98°,  and  two  higher 
ones  which  are  variable.  (Rudberg.)  —  Rose's  fusible  alloy  does  not 
expand  in  solidifying;  hence  a  glass  tube  into  which  the  melted  alloy 
is  drawn  up,  cracks  lengthwise,  when  nearly  cold.  (Marx,  Sckw,  58, 
468.) 

Sn*Pb«Bi  has  a  density  of  9194  at  11°,  and  fuses  at  120«;  Su'PbBi 
has  a  density  of  9253  at  20%  and  fuses  at  ^^''.  (Regnault,  N,  Ann.  Chim, 
Fhys,  1,  137.)  Sn«Pb'Bi»  fuses  at  96°;  Sn'PbBi  at  145°.  (Person, 
Jahret^er,  L.  dh  K,  1850,  72.) 

120  pounds  of  an  alloy  of  3  pts.  tin,  2  lead,  and  5  bismuth,  yielded, 
on  cooling,  tolerably  definite  crystals  which  fused  below  100°,  and  con- 
tained, Sn  15  76, — Pb  26*56, — Bi  57 '68,  or  equal  numbers  of  atoms  of 
the  three  metals.  (Lobell,  J,  pr,  Chem.  26,  511.) 

Potassium  added  to  fusible  metal  raises  its  melting  point.  (H.  Davy.) 

E.  Alloys  op  Lead,  Tin  and  Zinc.  —  The  alloy  ZuSn*Pb'  = 
ZnSn%2PbSn^  exhibits  but  one  solidifying  point,  viz.  at  168°;  all  other 
alloys  of  these  three  metals  have  likewise  two  higher  solidifying  points, 
b  andc.  (A.  &  L.  Svanberg,  Fogg.  26,  280.) 
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Other  Compounds  of  Lead. 

With  Iron,  Nickel,  Copper,  Mercury,  Silver,  Gold,  Platinum,  Palla- 
dium, Rhodium  and  Iridium. 
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Sykonymes.    Eisen,  Per,  Ferrum,  Mars. 

History,  Knives  and  arms  of  iron  are  mentioned  in  the  books  of 
Moses.  The  ancient  Greeks,  on  account  of  the  difficulty  of  manufacture 
ing  iron,  generally  used  arms  made  of  an  alloy  of  copper  and  tin. — The 
chemical  relations  of  iron  have  been  investigated  chiefly  by  Bergman, 
Proust,  Bucholz,  Gay-Lussac  and  Berzelius.  Ferric  acid  was  discovered 
by  Fremy. 

Sources.  The  most  widely  diffused  of  all  the  heavy  metals.  It 
occurs  native,  though  rarely,  sometimes  in  meteoric  masses,  sometimes  in 
fine  granules  in  Mica-s)ate  {Kastn.  Arch.  11,  364),  sometimes  in  Cerite 
(Ann.Pharm.il,  245);  as  protoxide;  as  sesquioxide;  as  hydrated 
sesquioxide;  as  carbonate,  phosphate,  sulphate,  hydrocblorate,  silicate, 
titanate,  tantalate,  niobiate,  pelopiate,  tungstate,  areeniate,  and  oxalate  of 
the  protoxide  or  sesquioxide;  as  protoxide  combined  with  alumina  or 
sesquioxide  of  chromium;  as  eight-sevenths  sulphide  of  iron;  as  bisalphide; 
as  sulphide  of  iron  combined  with  other  metallic  sulphides,  in  Copper 
pyrites,  Peacock  copper.  Grey  copper.  Arsenical  pyrites,  and  Sternbergite; 
and  finally,  in  small  quantity,  often  as  a  colouring  principle  of  various  tints, 
in  a  great  number  of  mineral  substances;  and  in  most  organic  bodies. 

Preparation  on  tfve  large  scale. — Principally  from  ores  containing  the 
protoxide  or  sesquioxide.  The  ores  are  commonly  roasted  in  the  first  in- 
stance to  free  them  from  sulphur,  arsenic,  &c.,  then  coarsely  pounded,  mixed 
with  charcoal  or  coko;  and  a  flux  to  facilitate  the  fusion  of  the  earthy 
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matters  contained  in  the  ore,  and  exposed  to  the  most  intense  white  heat  in 
tuil  smelting  furnaces  (Hoheisenqfen)  urged  by  a  strong  blast.  If  the  ore 
contains  alumina  and  silica,  lime  is  used  as  a  flax;  a  calcareous  ore,  on 
the  contrary,  requires  the  addition  of  minerals  containing  silica  and 
alumina:  the  best  mode  of  proceeding  is  to  mix  calcareous  with  siliceous 
iron-ores,  so  that  each  may  act  as  a  Bux  to  the  other. — The  iron  reduced 
from  the  melting  mass — Fig-iron,  Cast-iron — which  is  freed  from  time  to 
time  from  the  slag  which  floats  on  its  surface,  and  run  off  at  the  bottom, 
or  scooped  out  several  times  in  a  day — is  contaminated  with  variond 
matters  which  will  be  mentioned  under  the  head  of  Oast-iron :  from  these 
it  is  freed  on  the  large  scale  by  a  partial  oxidation,  called  the  Refi/ning 
process  {das  Eisenfrischen  oder  Frischproeess),  whereby  chiefly  the  foreign 
substances  are  oxidized,  and  separated  partly  as  gas,  partly  in  the  form 
of  a  slag,  called  Cinder  (^Frischschlacke),  whilst  a  purer  and  malleable 
iron  remains,  called  Rrfined  iron,  Bar  iron,  or  Wrought  iron  {Frisckeisen, 
tStabeisen,  Schmiedeisen).  The  carbon  which  is  oxidized,  partly  by  the 
air,  and  partly  by  the  cinder  produced  in  the  process,  escapes  in  the  form 
of  carbonic  oxide;  the  cinder  consists  of  silicate  of  lime,  magnesia,  alu- 
mina, manganous  oxide,  ferrous  oxide,  &c.  In  proportion  an  the  iron 
becomes  purer,  it  loses  its  liquid  form  and  becomes  granular:  as  the  purifi- 
cation advances,  it  welds  together,  and  is  then  perfectly  purified  and  formed 
into  bars  either  under  the  hammer  or  between  rollers.  This  oxidation 
takes  place  either  by  fusion  with  charcoal  while  a  blast  of  air  is  blown 
upon  the  mass :  Refining  upon  hearths  {Frischharkeit  auf  Jleerdtn),  or 
by  contact  with  the  flame  of  coal  in  reverberatory  furnaces :  Puddling, 

Bar- iron  still  retains  about  |  per  cent,  of  carbon,  which  makes  it 
harder;  generally  also  it  contains  a  small  quantity  of  silicium;  sometimes 
phosphorus,  which  makes  it  brittle  when  cold; — or  sulphur,  arsenic, 
copper,  which  make  it  brittle  at  a  red  heat, — ^and  other  metals. 

Purification, — 1.  By  melting  iron  filings  with  one-fourth  their  weight 
of  smithy  scales  under  a  layer  of  green  glass, — or  of  glass  prepared  for 
the  purpose  and  free  from  heavy  metals — the  whole  being  enclosed  in  a 
crucible  with  the  cover  luted  down,  and  the  fire  urged  by  a  strong  blast. 
(Broling.)  By  reducing  a  pure  oxide  of  iron  with  hydrogen  gas. 
(Berzelius.) 

Properties.  Iron  sometimes  exhibits  cleavage  parallel  to  the  faces  of 
a  cube.  This  was  observed  by  Wohler  {Pogg.  26,  182)  in  iron-plates 
which  had  been  imbedded  beneath  the  hearth  of  an  iron-smelting 
furnace  and  exposed  to  a  strong  white  heat  during  the  whole  time  of 
smelting.  The  same  appearance  was  noticed  by  Breithaupt  (J.  pr.  Chem, 
4,  245)  in  the  Aachner  meteoric  iron.  Wohler  likewise  found  iron 
crystallized  in  octohedrons  in  the  hollows  of  a  large  cast-iron  roller. — 
Wrought  iron  has  a  fibrous  texture.  It  is  the  hardest  and  toughest  of 
all  the  ductile  metals;  it  cannot  be  beaten  out  into  very  thin  plates,  but 
may  be  drawn  out  into  very  fine  wire.  Iron  purified  (1)  by  fusion  with 
smithy-scales  has,  after  solidification,  a  density  of  7*8439,  which  is 
rather  increased  than  diminitihed  by  rolling  out  into  plates  or  drawing 
into  wires.  (Broling.)  The  purest  soft  bar-iron,  containing  but  a  trace 
of  carbon,  has  a  density  of  7 '79  (Karsten);  that  of  ordinary  bar-iron  is 
7"788.  (Brisson.) — At  a  red  heat,  iron  becomes  softer  and  tougher;  at  a 
white  heat,  it  may  be  welded;  at  a  temperature  above  the  welding  point, 
it  crumbles  under  the  hammer;   itd  melting  point  approaches  the  limits 
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of  temperature  that  can  be  obtained  by  ordinary  means, — ^being^  accord- 
ing to  Pouillet,  at  1550°  €.,  according  to  Daniell,  at  1587^  according  to 
Morveau,  at  6346°  C.  or  175**  Wedg.,  and  according  to  Mackenzie,  at 
158°  Wedg.  At  a  still  higher  temperature,  such  as  that  produced  by 
Hare's  deflagrator,  or  by  the  combustion  of  iron  in  oxygen  gas,  it  vola- 
tilizes. If  an  electric  current  be  passed  by  means  of  charcoal  points 
through  iron  placed  in  Tacuo,  there  is  formed  a  quantity  of  vapour  of 
iron,  which  hums  with  a  flash  on  admitting  the  air,  and  deposits  a 
yellowish-red  film  upon  the  glass.  (Hare.) — Iron  is  attracted  by  the 
mngnet,  and  may  itself  be  rendered  magnetic,  but  loses  this  property 
the  more  quickly  in  proportion  as  it  is  free  from  carbon.  Iron  reduced 
from  the  oxide  by  hydrogen  is  a  grey  powder  (Berzelius);  in  this  state  it 
does  not  conduct  electricity.  (Higgins  &  Draper,  N.  Edinb,  Phil,  J,  14, 
315.) 

Atomic  weight  of  Iron^27''iS7  (Berzelius) =25 -68  (Capitaine,  Ann. 
Chim.  Fhj/s,77, 126.) — IT  According  to  a  more  recent  determination  of  Ber- 
zelius (Ann.  Fharm,  50,  432),  the  true  atomic  weight  of  iron  is  28.  The 
errors  in  previous  determinations  appear  to  have  arisen  from  the  neglect 
of  making  due  allowance  for  the  impurities  contained  in  the  iron.  T 


Compounds  of  Iron. 
Iron  and  Oxygen. 

1.  Iron  when  in  solid  masses  remains  unchanged  in  the  air  at  ordi- 
nary temperatures;  the  finely  divided  iron  obtained  by  decomposing  the 
sesquioxide  by  hydrogen  gas  at  as  low  a  temperature  as  possible — if 
allowed  to  cool  perfectly  in  the  atmosphere  of  hydrogen  and  then  exposed 
to  the  air  —  instantly  takes  fire  and  is  couverteil  into  sesquioxide. 
(Magnus,  Pogg.  3,  81;  6,  50.9;  comp.  II.  27;  and  Stromeyer,  Pogg,  6, 
471.)  Iron  reduced  by  hydrogen  at  a  red  heat,  does  not  take  fire  till 
heated  nearly  to  redness. 

2.  Coherent  iron  heated  to  redness  in  the  nir  oxidizes  without  visible 
combustion,  and  forms  ferroso-ferric  oxide:  Scale-oxide  of  Iron,  Smithy- 
scales — which,  by  prolon<]^od  ignition,  is  converted  into  ferric  oxide  (ses- 
quioxide). The  successive  shades  of  yellow,  red,  blue,  and  lastly  grey, 
with  which  polished  iron  becomes  covered  during  the  operation  of  tem- 
pering, are  due  to  the  very  thin  films  of  ferroso-ferric  oxide,  which 
tran  mit  light  more  or  leas,  producing  the  tints  of  Newton's  coloured 
ring8. 

3.  Iron  heated  to  whiteness  in  the  air  or  in  oxygen  gas  bums  with 
vivid  sparkling,  and  forms  ferroso-ferric  oxi<ie;  in  common  air,  the  com- 
bustion soon  ceases;  but  in  oxyi^en  .i:as  it  continues,  if  the  piece  of  iron  be 
thin  {comp.  II.  34);  and  the  hi^h  temperature  thereby  produce<l,  causes 
the  volatilization  of  part  of  the  iron,  which  is  then  converted  into  sesqui- 
oxide. A  bar  of  iron  heated  till  it  emits  sf  arks  (t.  e,  to  the  welding 
point)  will  burn  even  in  the  air,  if  the  blast  of  the  bellows  be  strongly 
directed  upon  it,  or  if  it  be  swung  rapidly  round.  (Addams,/*A//.  Mag.  J. 
11,  407,  and  446;  also  J.  pr.  Chem.  12,  317;  Boerley,  Stratingh,  N.  Br. 
Arch.  22,  305;  Darcet,  Pogg.  31,  496.)  In  the  collision  of  flint  and 
steel,  fine  particles  of  steel  are  detached  by  rubbing  on  the  stone,  and 
brought  to  snch  a  temperature  that  they  take  fire  in  the  air,  and  impart 
tk«ir  combustion  to  tinder.     Honoa,  according  to  H.  Davy  (fiilh.  1 7,  446), 
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a  flint  and  steel  in  yacno  gives  but  very  faint  spark?,  proceeding  from 
ignited  particles  of  stone;  and,  according  to  the  same  authority,  iron  in 
very  fine  particles  takes  fire  much  below  a  red  heat. 

4.  Iron  when  covered  with  a  thin  layer  of  water  and  exposed  to  the 
air,  is  converted  into  hydrated  sesquioxide,  by  taking  up  the  oxygen 
which  the  water  absorbs  from  the  air,  and  combining  as  oxide  with  a 
portion  of  the  water.    In  this  reaction,  there  is  likewise  produced  a  portion 
of  ammonia,  which  partly  escapes  and  partly  remains  in  combination 
with  the  hydrated  ferric  oxide; — the  formation  of  the  ammonia  is  due  to 
the  decomposition  of  a  portion  of  the  water,  and  to  the  combination  of  its 
hydrogen  with  the  nitrogen  of  the  air  which  has  been  absorbed  by  the 
water.  (11.418,  419.)     If  the  iron  be  covered  by  a  deeper  stratum  of 
water  in  a  vessel  exposed  to  the  air,  so  that  the  transference  of  the  oxygen 
of  the  air  through  the  water  to  the  iron  may  take  place  more  slowly,  a 
formation  of  black  hydrated  ferroso-ferric  oxide  takes  place,   because 
hydrated  ferric  oxide,  as  it  slowly  forms,  induces  the  iron  to  decompose 
the  water,  and  form  ferrous  oxide,  with  which  the  ferric  oxide  then  unites. 
(Wohler.)— Iron  remains  unaltered  in  damp  air,  provided  no  water  is 
deposited  upon  it — as,  for  example,  under  a  bell-jar,  closed  at  bottom  with 
a  water-joint,  and  having  a  piece  of  tarnished  lead  likewise  placed  under 
it,  the  water  being  then  deposited  exclusively  upon  the  lead.     But  if 
there  are  cracks  in  the  iron,  and  these  cracks  are  filled  with  scale-oxide, 
water  becomes  deposited  upon  this  oxide,  land  rusting  then  takes  place. 
Iron  also  rusts  quickly  in  damp  air  containing  small  quantities  of  snlphu- 
retted  hydrogen  (which  first  forms  sulphide  of  iron  and  then  ferrous 
sulphate),  chlorine,  hydrochloric  acid,  and  acetic  acid;  but  carbonic  acid 
and  ammonia  have  no  influence.  (Bonsdorfl*,  Pogg.  42, 332.) — Iron  does  not 
rust  in  the  air  under  water  containing  small  quantities  of  alkaline  sub- 
stances.    When  immersed  in  aqueous  ammonia,  potash,  or  soda,  it  remains 
bright  for  months.     If  water  at  22°  be  saturated  with  hydrate  of  potash, 
one  measure  of  this  solution  is  suflicient  to  impart  this  preservative  power 
to  2000  measures  of  water;  but  if  the  mixture  contains  from  4000  to 
5000  measures  of  water,  iron  rusts  when  immersed  in  it;  it  likewise  rusts 
in  a  mixture  containing  from   1000  to  2000  measures  of  water,  if  the 
liquid  be  completely  saturated  with  carbonic  acid.      One  measure  of  a 
saturated  solution  of  carbonate  of  soda  may  bo  diluted  with  .54  measures 
of  water  without  causing  iron  to  rust;  but  if  the  quantity  of  water  be 
increased  to  .59  measures,  iron  rusts  when  immersed  in  it.     One  measure 
of  a  saturated  solution  of  borax  may  be  diluted  with  6  measures  of  water, 
and  one  measure  of  lime-water  with  three  measures  of  water,  without 
losing  its  preserving  power;  but  if  the  proportion  of  water  be  increased 
in  either  case,  rusting  ensues.     The  preserving  influence  of  alkalis  does 
not,  in  all  probability,  arise  from  their  power  of  withdrawing  carbonic 
acid  from  the  water;  for  iron  rusts  even  under  thoroughly  boiled  water, 
in  contact  with  air  free  from  carbonic  acid  ;  it  is  true  that  the  mixture  of 
aerated  water  with  potash  has  the  eflect  of  expelling  the  air;  but  if  the 
water  i:)  in  great  excess,  the  expulsion  is  very  imperfect :  moreover,  car- 
bonate of  soda  drives  out  but  a  small  quantity  of  air,  and  borax  none; 
and  yet  these  substances  prevent  oxidation.  (Payen,  Ann.  Chim,  Phya, 
50,  305.) — Wetzlar  {Schw.  49,  484)  showed,  long  before  Payen,  that  iron 
does  not  rust  in  aqueous  solution  of  potash  or  ammonia,  even  though  the 
solution  may  be  diluted,  and  that  in  saturated  solutions  of  sulphate  or 
nitrate  of  pota^sh,  it  oxidates  more  slowly  than  in  pure  water,  inasmuch 
as,  according  to  his  observations,  these  liquids  contain  less  air  in  solution. 
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Hall  (K  Quart.  J.  ofSc.  3,  262;  also  Pog^,  14,  145)  likewise  fo^nd  that 
iron  does  not  met  under  water  into  which  lime  or  magnesia  has  been 
thrown,  or  even  in  a  mixture  of  1  part  of  lime-water  with  4  parts  of 
water. — Iron  rosts  more  slowly  in  proportion  as  its  surface  is  smoother; 
the  rust  is  formed  most  abundantly  in  cracks.  The  purest  iron  rusts  the 
most  quickly;  hard  wrought  iron,  richer  in  carbon,  rusts  more  slowly; 
then  follows  soft  steel,  then  hard  steel,  then  soft  ca8t-4ron,  and  lastly  hard 
cast-iron.  The  presence  of  sulphur  in  iron  accelerates  the  rusting;  phos- 
phorus appears  to  retard  it.  Beneath  the  floccnlent  hydrated  sesqni- 
oxide,  there  is  formed  a  thin  black  crust  [of  ferroso-ferric  oxide  1]  which 
adheres  firmly  to  the  iron.  Contact  with  einc  protects  the  iron  from  rust- 
ing only  BO  long  as  the  zinc  does  not  itself  become  covered  with  a  film  of 
oxide.  Tin  in  contact  with  iron  accelerates  the  rusting.  (Mor.  Meyer, 
J,  techn.  Chem,  10,  833.) — A  water-conduit  consisting  of  cast-iron  pipes 
became  stopped  up  in  the  course  of  a  few  years  by  the  formation  of 
tuberculous  masses  of  hydrated  ferric  oxide.  Accordmg  to  Payen,  grey 
cast-iron  oxidates  more  readily  than  white,  and  even  than  bar-iron;  in 
iron  pipes,  grey  and  white  cast-iron  are  mixed:  now,  if  the  water  contains 
too  little  alkali  to  protect  the  iron  completely,  the  parts  consisting  of 
grey  iron  become  oxidated  and  produce  the  formations  of  rust.  When 
cast-iron  of  this  description  is  exposed  to  the  action  of  a  mixture  of  75 
measures  of  aerated  water,  and  one  measure  of  a  saturated  solution  of 
common  salt  and  r4irbonate  of  soda,  oxidation  begins  in  a  minute,  and 
there  is  formed, — first,  whitish  hydrated  ferrous  oxide  and  hydrated 
ferroso-ferric  oxide,  which  at  some  distance  from  the  iron,  are  converted 
into  hydrated  ferric  oxide, — and  afterwards  carbonate  and  silicate  of 
ferrous  oxide,  the  latter  being  produced  by  the  oxidation  of  silicide  of 
iron.  In  water  containing  nothing  but  common  salt,  protochloride  of 
iron  is  likewise  formed.  In  water  containing  0'2  per  cent,  of  soda- 
hydrate  and  0*6  of  common  salt,  the  oxidation  is  confined  within  smaller 
spaces  around  the  points  at  which  it  originates,  and  spreads  in  vermicular 
forms.  At  the  oxidized  points,  the  iron  becomes  richer  in  graphite,  and 
at  the  same  time  blacker  and  softer.  (Payen,  Ann.  Chim,  Pkt/s.  63,  405.) 
Since  this  rapid  rusting  seldom  takes  place  in  cast-iron  water-pipes,  it  is 
probable  that  a  peculiar  composition  of  the  cast-iron  is  necessary  to  its 
occurrence.  (Gm.) 

5.  Red-hot  iron  in  contact  with  aqueous  vapour  liberates  hydrogen, 
and  is  converted  into  ferroso-ferric  oxide  FeO,FeO',  in  small  octohedrons. 
(Gay-Lussac,  Despretz,  Ann,  Ckim.  Fkys,  62,  346.)  According  to 
Haldat  {Ann.Chim.  Phys,  46,  70),  rhombohedrons  of  ferric  oxide  are 
formed,  similar  to  those  of  specular  iron;  but  they  were  not  analyzed. — 
According  to  Stromeyer  {Pogg.  9,  475),  the  iron  takes  up  variable  quan- 
tities of  oxygen,  the  amount  being  greater  as  the  temperature  is  higlier 
and  the  action  of  the  aqueous  vapour  more  prolonged.  According  to 
Bucholz,  ferrous  oxide  is  produced. 

6.  At  ordinary  temperatures,  and  out  of  contact  of  air,  iron  does  not 
decompose  thoroughly  boiled  water,  unless  it  is  in  contact  with  more 
electro-negative  bodies,  as  with  previously  formed  ferric  oxide,  mercury, 
&c.:  in  tins  case,  and  likewise  when  the  liquid  is  heated  to  SO''  or  60"",  a 
feeble  evolution  of  hydrogen  takes  place,  and  ferroso  -ferric  oxide  appears 
to  be  formed.  (Hall,  Quart.  J.  of  Sc,  7.  55;  Guibourt,  Ann.  Chim.  Phys, 
11,  43;  also  J,  Pkarm,  4,  241.) 

7.  In  presence  of  acids  which  do  not  themselves  give  up  oxygen,  iron 
quickly  decomposes  water,  and  is  converted,  with  evolution  of  hydrogen, 
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ioto  forreui  oxide,  which  ODmbinM  with  the  acid.  The  feVolnlibn  bf 
hydrogen  take«  place  even  in  aqneoua  cftrbonio  acid;  bat  it  ^kBes  on  thd 
addition  of  lime. 

8.  By  heated  oil  of  vitriol,  by  nitric  acid,  hypochlofode  acid,  knd 
other  acids,  which  retain  their  oxygen  leee  forcibly — also  by  hypochlo- 
rites, and,  at  a  red  heat,  by  nitrates,  chlorates,  nitrons  gas,  &c.,  iron  is 
converted,  at  the  expense  of  the  acid,  into  ferric  oxide.  When  iron 
filings  are  gently  heated  with  fuming  nitric  acid,  explosion  takes  place. 

[For  the  behaviour  of  iron  with  anhydrous  sulphuric  acid  at  a  red  heat» 
see  ll.  178.] 

A.  Sith-oxide  of  Iron  ? 

When  iron  is  burnt  in  the  flame  of  the  oxy-hydrogen  blowpipe,  the 

froduct  of  the  combustion  is  not  scale-oxide  of  iron,  as  when  the  metal  is 
umt  in  oxygen  gas,  but  a  fused  and  somewhat  malleable  mass,  which 
dissolves  in  hydrochloric  acid  with  evolution  of  hydrogen,  forming  a  solu- 
tion of  ferrous  hydrochlorate,  and  invariably  contains  6  79  per  cent,  of 
oxygen ;  it  is  therefore  Fe*0  or  Fe',FeO.  (Marchand,  J,  pr,  Chem, 
18,  184.) 

B.  Fbbrous-oxide.    FeO. 

Protoxide  of  Iron^  Eisenoxydvlf  Oxyde-ferrcax, 

Formed  in  the  solution  of  iron  in  such  aqueous  acids  as  do  not  easily 
give  up  their  oxygen. 

Not  known  in  the  separate  state* 


Berzelius. 

Lavoisier^ 
Proust. 

Dobe-       Bu- 
reiner.      cbokr 

Gay- 

Lussac. 

earlier,         Uter^ 

Fe 

27 

//    14o    ••••        lO    •••• 

76-9  ....     77  .... 

77-22  ....     77-62  .... 

77-94 

O.. 

.•••■••         o 

..  22-857  ....     27  .... 

231    ...     23  .... 

22-78  ....     22-38  .... 

22  06 

FeO..,.    35  ....100-000  ....  100  ....  1000  ....  100  ....  10000  ....  lOO'OO  ....  100-00 

(PeO  =  339-21  +  100  =  439-21.    BerzeHus.) 

Cdtnhinntioni,  <».  With  Water. — Hydrate  op  Fbrroits  0*ide  or 
^feRRous  Hydrate. —  Th^nard's  statement  that  this  substance  is  a 
pecnliar  white  oxide  of  a  lower  degree  of  oxidation,  has  been  disproved  by 
r roust,  Buchoh,  and  more  especially  by  Bcrzelius.  (Sckw.  22,  334.) — 
The  hydrate  is  precipitated  on  mixing  a  solution  of  a  ferrous  salt,  per- 
fectly free  from  ferric  oxide,  with  solution  of  potash  perfectly  freed  from 
air  by  boiling,  the  precipitation  being  performed  in  a  vessel  from  which 
the  air  is  excluded.  The  white  flakes  which  fall  must  be  carefully  pre- 
served from  contact  of  air  during  washing  and  drying.  The  vessel  in 
which  the  precipitation  by  potash  is  performed  must  be  immediately 
filled  up  with  thoroughly  boiled  water  and  then  closed.  As  soon  as  the 
precipitate  has  settled  down,  the  liquid  is  decanted  with  a  siphon,  leaving 
only  a  thin  layer  above  the  precipitate;  the  vessel  again  filled  with  boil- 
ing water  poured  in  very  slowly  so  as  not  to  disturb  the  precipitate;  and 
afterwards  shaken  and  closed.  This  purification  by  alternate  subsidence 
and  decantation  must  be  performed  as  qnickly  as  possible,  because  ferrons 
oxide  decomposes  water  by  continued  contact,   and  is  converted  into 
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ferroso-ferric  oxide.  The  light  green  precipitate  is  then  introduced  as 
quickly  as  possible  into  a  tubulated  retort,  havin^r  its  neck  fitted  with  a 
stopcock  from  which  proceeds  a  tube  28  inches  long,  bent  downwards, 
and  dipping  into  mercury;  ether  is  poured  upon  it;  the  tubulature  closed, 
heat  applied  till  the  ether  vapour,  together  with  the  air  of  the  retort,  has 
all  escaped  through  the  mercury;  and  the  retort  afterwards  kept  warm 
and  the  tube  cool — so  that  the  water  may  distil  off  and  condense  in  the 
tube — ^till  the  precipitate  is  quite  dry.  The  stopcock  is  then  closed,  and 
the  whole  left  to  cool;  after  which  the  retort  is  filled  with  hydrogen  gas, 
and  its  contents  emptied  as  quickly  as  possible,  under  a  bell-jar  filled 
with  hydrogen  gas,  into  small,  wide-mouthed,  well-stopped  bottles.  If  a 
ferrous  salt  be  precipitated  by  excess  of  ammonia  instead  of  potash,  the 
precipitate,  after  long  standing,  gives  off  hydrogen  gas,  becomes  gradually 
darker  in  colour,  and  when  dried  in  the  manner  above  described,  is  con- 
verted into  black  ferroso-ferric  oxide  containing  ammonia.  (G.  Schmidt, 
Ann.  Fkarm,  36,  101.) 

Dried  ferrous  hydrate  is  a  brittle,  easily  friable  mass,  of  a  fine 
green  colour.  (G.  Schmidt.)  The  green  colour  is  probably  due  to 
incipient  oxidation.  It  is  not  magnetic.  (W Shier  &  Liebig.)  On 
exposure  to  the  air,  it  is  instantly  converted  into  ferric  oxide,  the  change 
being  attended  with  an  evolution  of  heat  which  often  rises  to  redness.  It 
absorbs  carbonic  acid  gas  with  violence,  becoming  at  the  satne  time  hot 

J  i.i_-i_    ]   j: 1 :_ :j :xi, i.  j 1^^.^^»4- ^vT  Uaa4. 


lerrous  ojLiue  nsiYt}  oeeu  precipii.avea  is  neaieu  jaj  tsuuiiitiuu,  I'ncjr  uuiu 
black,  in  consequence  (according  to  Wohler  &  Liebig)  of  the  formation  of 
hydrated  ferroso-ferric  oxide  by  the  action  of  the  air.  The  protoxide,  if 
exposed  to  the  air  while  still  moist,  quickly  changes  to  dingy  green 
hydrate  of  ferroso-ferric  oxide,  and  afterwards  to  yellowish-brown  hydrate 
of  ferric  oxide. 

6.  With  Acids,  forming  the  Salts  of  Ferrous-oxide,  or  Ferrous 
Salts.  Proto-9alts  of  Iron, — The  affinity  of  ferrous  oxide  for  acids  is  con- 
siderable. Ferrous  salts  are,  for  the  most  part,  white  when  anhydrous,  and 
pale  greenish-blue  in  the  hydrated  state.  The  soluble  salts  have  at  first  a 
sweetish,  and  afterwards  an  inky  taste.  They  give  off  their  acid  on  ignition 
if  the  acid  is  volatile.  The  residue  obtained  by  igniting  a  ferrous  salt  out 
of  contact  of  air,  consists  of  ferric  oxide,  if  the  acid — such  as  sulphuric 
or  nitric  acid— gives  up  its  oxygen  readily;  of  ferroso-ferric  oxide,  if  the 
acid,  tf.^.,  carbonic  acid,  retains  its  oxygen  more  forcibly;  and  of  metallic 
iron  if  the  acid  is  organic.  Before  the  blowpipe,  with  carbonate  of  soda, 
borax  and  microcosmic  salt,  ferrous  salts  exhibit  the  reactions  of  ferric 
oxide.  They  extract  oxygen  from  the  air  and  from  various  oxidized 
compounds— viz.,  from  water  in  presence  of  chlorine,  from  hypochlorous 
acid  from  nitric  acid,  and  from  the  oxides  of  silver,  gold,  and  palladium 
dissolved  lu  acids— and:  are  thereby  converted  into  ferric  salts.  If  no 
excess  of  acid  IS  present  to  hold  in  solution  the  whole  of  the  ferric  oxide 
thus  produced,  part  of  it  is  precipitated  in  the  form  of  a  yellowish-brown 
basic  salt.  When  nitric  acid  is  the  oxidizing  agent,  so  long  as  any 
portion  of  ferrous  salt  remains  unconverted  into  ferric  salt,  the  nitric 
oxide  separated  from  the  nitric  acid  does  not  escape  from  the  Hquid,  but  is 
absorbed  by  the  excess  of  ferrous  salt  and  forms  a  dark  greenish -brown 
solution.  A  concentrated  solution  of  sulphate  or  hydrochlorate  of  ferrous 
oxide  placed  in  the  circuit  of  a  hundred-pair  voltaic  battery,  deposits 
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metallic  iron  in  small  grannies  on  the  negative  platinum  wire.     If  the 
positive  wire  is  dipped  into  a  solution  of  common  salt  separated  from  the 
iron-solution  by  moist  clay,  the  iron  is  obtained  in  glittering  crystals 
which   exhibit  magnetic  polarity.    (Becquerel.)     Zinc  immersed    in   a 
perfectly  neutral  solution  of  ferrous  sulphate  or  hydrochlorate  contained 
in  a  stoppered  bottle,  throws  down  metallic  iron  (together  with  oxide) 
which  is  deposited  partly  on  the  zinc,  partly  on  the  contiguous  side  of 
the  glass.  (Fischer,  Pogg.  9,  26G.)     If  plates  of  zinc  and  copper  soldered 
together  are  immersed  in  the  perfectly  neutral  hydrochlorate  solution,  the 
iron  is  deposited  on  the  copper  in  the  form  of  a  bluish- white,  metallic, 
very  friable  mass,  which,  when  gently  i^ited  in  hydrogen  gas,  becomes 
very  tough.   (Capitaine,  J^,  Ann,  Chim.  Phys.  2,  126.)     Anthon  (Repert. 
77,  121)  obtained  with  zinc,  not  metallic  iron,  but  light  green  flakes  of 
ferroso-ferric  oxide  which  gradually  acquired  a  darker  colour.    [Was  the 
air  perfectly  excluded?] — Hydrosulphuric  acid  precipitates  only  those 
ferrous  salts  which  contain  a  weaker  acid;  e.g.^  the  aqueous  acid  car- 
bonate, and  the  neutral  oxalate,  tartrate,  and  acetate,  the  precipitation  in 
the  three  last-mentioned  salts,  going  on  only  till  a  moderate  portion  of 
acid  is  set  free  (Gay-Lussac);  the  same  re-agent  precipitates  the  benzoate 
of  ferrous  oxide,  and  even,  to  a  slight  extent,  the  sulphate  and  hydro- 
chlorate, if  the  acids  are  completely  saturated  with  base.    (Griscfaow, 
Schw.   27,    185.)      The   same    result  was    obtained    by   Wackenroder 
{N,  Br.  Arch.  16,  118),  who  states  that  hydrosulphuric  acid  throws  down 
a  large  quantity  of  iron  from  acetate  of  ferrous  oxide,  or  from  the  sulphate 
or  hydrochlorate  mixed  with  acetate  of  potash;  but  not  the  whole  of  it, 
even  when  the  acetate  of  soda  is  in  excess.     The  black  precipitate  is 
hydrated  protosulphide  of  iron,  which  acquires  a  rusty  brown  colour  bpr 
exposure  to  the  air.     It  dissolves  readily  in  hydrochloric  or  sulphurio 
acid,  and  likewise  in  a  large  quantity  of  acetic  acid,  provided  it  does  not 
contain  excess  of  sulphur.  (Wackenroder.)     The  corresponding  precipi- 
tates of  cobalt  and  nickel  oxidate  much  more  slowly  by  exposure  to  the 
air. — The  same  precipitate,  but  containing  the  whole  of  the  iron,  is  pro- 
duced in  all  ferrous  salts  ou  the  addition  of  an  alkaline  hydrosulphate; 
and  it  is  not  soluble  in  an  excess  of  the  re-agent.     Hydrosulphate  of 
ammonia  dissolves  a  mere  trace  of  it,  but  gives  it  up  again  on  exposure 
to  the  air,  or  on  the  addition  of  hydrosulphite  of  ammonia.  (Wacken- 
roder.)    A  very  dilute  iron-solution  to  which  hydrosulphate  of  ammonia 
is  added,  assumes  a  green  colour,  from  the  presence  of  iron  in  a  state  of 
suspension. — Fixed  caustic  alkalis  completely  precipitate  the  iron  in  the 
form  of  a  white  hydrate,  which,  by  exposure  to  the  air,  acquires  a  dingy 
green  and  afterwards  a  red-brown  colour. — Ammonia  throws  down  part 
of  the  iron  in  the  form  of  hydrate,  the  rest  remaining  dissolved  in  the 
liquid,  which,  when  exposed  to  the  air,  becomes  covered  first  with  a  green 
and  afterwards  with  a  brown  film.     If  the  ferrous  salt  is  previously 
mixed  with  sal-ammoniac,  ammonia  yields  no  precipitate,  but  forms  a 
•    pale  green  mixture  which  exhibits  similar  appearances  on  exposure  to 
the  air. — Monocarbonute  of  potash  or  soda  and  sesquicarbonate  of  am- 
monia throw  down  white  carbonate  of  ferrous  oxide,  which  soon  acquires 
a  green  and  afterwards  a  brown  colour  by  exposure  to  the  air—  and  if 
sal-ammoniac  be  added,  dissolves  in  the  liquid,  which  then  exhibits  a 
green  and  subsequently  a  brown  turbidity  on  exposure  to  the  air.     Bicar- 
bonate of  potash  or  soda  forms  the  same  precipitate,  with  evolution  of 
carbonic  acid;  but  if  the  solutions  are  dilute,  a  clear  mixture  is  formed, 
which  deposits  ferrous  carbonate  on  boiling,  and  on  exposure  to  the  air, 
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yields  a  precipitate  of  bjdrated  ferroso-ferrio  oxide. — Carbonate  of  lime 
does  not  precipitate  ferrous  salts.  (Fuchs.)— Phosphate  of  soda  precipi- 
tates (up  to  a  thousand-fold  dilution:  Ffaf)  white  phosphate  of  ferrous 
oxide,  which  acquires  a  bluish-green  colour  by  exposure  to  the  air. 
Arseniate  of  soda  precipitates  (up  to  a  thousand-fold  dilution:  Ffaff) 
white  arseniate  of  ferrous  oxide,  which  becomes  dingy-green  on  exposure 
to  the  air. — Oxalic  acid  and  acid  oxalate  of  potash  communicate  a  yellow 
colour  to  ferrous  salts,  and,  after  a  while,  throw  down  yellow  oxalate  of 
ferrous  oxide,  the  precipitation  being  immediate  when  an  alkaline  oxalate 
is  used. — Ferrocyanide  of  potassium  forms  a  precipitate  which  is  white,  if 
thej  solution  has  been  perfectly  freed  from  air  by  boiling  and  the  iron- 
salt  is  absolutely  free  from  ferric  oxide,  but  otherwise  bluish-white:  by 
exposure  to  the  air,  this  precipitate  is  converted  into  Prussian-blue. 
Ferricyanide  of  potassium  gives  a  precipitate  of  Prussian-blue  even  in 
very  dilute  solutions. — Tincture  of  galls  neither  colours  nor  precipitates 
ferrous  salts,  when  they  are  quite  free  from  ferrio  oxide;  but  the  mixture 
acquires  a,  violet-black  colour  on  exposure  to  the  air.  According  tp 
Pfaff,  tincture  of  galls  gives  a  purple  colour  and  precipitate  with  aqueous 
acid  carbonate  of  ferrous  oxide. 

Those  ferrous  salts  which  are  insoluble  in  water,  dissolve  in  aqueous 
hydrochloric  acid.  Both  the  aqueous  and  the  hydrochloric  acid  soluticnt^ 
absorb  large  quantities  of  nitrons  gas,  thereby  acquiring  a  dark  brown- 
colonr.  ( Vid.  Sulphate  and  HydroMorate  of  Ferrovs-oxide.) 

C.  Fereoso-ferric  Oxide. 

EUenoxydoxydvl,  Deutoxyde  de  Fer. — The  name  Ferroso-ferric  oxide 
is  applied  to  oxides  of  iron  which  contain  more  oxygen  than  the  protoxide 
and  less  than  the  sesquioxide,  and  may  be  regarded  as  compounds  of  the 
protoxide  and  sesquioxide  in  various  proportions. 

a.  Scale-oxide, — 6FeO,  Fe'O'.  When  iron  is  heated  to  redness  in 
the  air,  two  layers  of  scale-oxide  are  formed,  which  may  easily  be  sepa- 
rated. The  inner  layer,  6FeO,  Fe*0',  is  blackish-grey,  porous,  brittle, 
and  attracted  by  the  magnet.  The  outer  layer  contains  a  larger  quantity 
of  ferric  oxide,  but  in  variable  proportion;  it  is  of  a  reddish  iron -black 
colour,  dense,  brittle,  yields  a  black  powder,  and  is  more  strongly 
attracted  by  the  magnet  than  the  inner  layer.  The  amount  of  ferric 
oxide  in  the  outer  layer  is  between  32  and  37  per  cent.,  and  on  the  very 
surface  it  is  as  much  as  52*8  per  cent.  (Mosander,  Fogff.  6,  35;  also 
Schw.  47,  81.)     Specific  gravity  of  the  scale-oxide =5 -48.  (P.  Boullay.)^ 
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6FeO,Fe208  288     ....  100  288     ....  10000     ....  10000     ....  1000 

Berthier  (Ann.  Chim,  Fkps.  27,  19;  also  Schw.  43,  319)  regards  tha 
scale-oxide  as  4FeO,  Fe'O^;  Mosander  attributes  the  greater  amount  of 
ferrio  oxide  found  by  Berthier  to  the  fact  of  Berthier  having  analyzed  the 
inner  and  outer  layers  together. 

b.  Magnetic  Oxide,  FeO,  Fe'O^ — Found  native;  likewise  in  many 
meteorites. — Fomation,  1.  In  the  rapid  combustion  of  iron,  either  in 
oxygen  gas  or  in  the  air.  (Mitscherlich^  Fogg.  15,  632.>**2.  By  igniting 
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iron  (or  the  eeale-oxide:  EegnauU)  in  an  atmosphere  of  hy4rogeQ  gtm, 
(Gaj-Lusaac,  Despretz.)  The  iron  plates  which  are  laid  beneath  the 
hearths  of  iron-smelting  farnaces  and  are  exposed  to  a  red  heat,  are,  in 
tbe  course  of  6  or  10  years,  completely  converted  by  the  moistiire  of  the 
soil  into  magnetic  oxide,  partly  crystalline,  partly  amorphoiu  and  attracted 
by  the  magnet  (but  not  itself  magnetic).  The  same  compound  is  formed 
on  the  under  side  of  the  refining  hearths,  where  the  iron  comes  in  contact 
with  aqueous  vapour.  (Koch,  Ueher  KryttalL  HuU^iproducte,  s.  17.)-—' 
By  fusing  protochloride  of  iron  at  a  low  red  heat  with  dry  carbonate  of 
soda  and  extracting  the  chloride  of  sodium  with  water,  the  magnetic 
oxide  is  obtained  in  the  form  of  a  black  heavy  powder.  (Liebig  8i  Wohler, 
Poffff'  ^^f  682.)  [Is  the  higher  oxidation  of  the  iron  in  this  process  due 
to  the  oxygen  of  the  air  or  to  the  carbonic  acid  of  the  carbonate  of 
soda?] 

The  native  oxide  crystallizes  in  forms  belonging  to  the  regular  system; 
JFig*  2,  d,  5,  6,  &c.  Cleavage  indistinct,  parallel  to  o.  Harder  than  fluor- 
spar; sp.  gr.  5 '094.  Fracture  conchoidal.  Colour  iron-black;  yields  a 
black  powder.  Fuses  more  readily  than  iron;  with  difficulty  before  the 
blowpipe.  Attracted  by  the  magnet  and  often  itself  magnetic.  The 
oxide  prepared  by  (2)  has  a  specific  gravity  of  5*40.  Crystallizes  in  the 
forms  represented  in  figures  1,  4,  and  8.  (Koch.) 

Gay- 

Berzelias.  Fuchs.  Desprets.  Lussac. 

Jfarnu  native,  prepared  hy  (2) 

3Fe 81  ....  71-68   ....   71-86   ....   7191   ....   72-46   ....   72-5 

40 32  ....  28-32   ....   28-14   ....   2809   ....   27-54   ....   27*5 

Fe^OV...  113  ....  100-00   ....  10000   ....  lOO'OO   ....  100^   ....  lOO'O 

Berzelius.  Facbs.  Despretz.    Gay-Lussac, 

Narra.  native,  Brazil.     SchwarzenBtem. 

FeO 85  ....  30-97   ....   31   ....  30-88  ....   20   ....   25 

Fe»0»  78  ....  6903   ....   69   ....  6840  ....   72   ....   75 


FeO,Fe«08   113  ....  10000   ....  100   ....   9928   ....  100   ....  100 

(Fe»0*  «  3  .  339-21+400  =  1417-63.  BcneUua.) 

The  analysis  of  the  magnetic  oxide  from  Schwarzenstein  corresponds  to 
the  formula  dFeO,4Fe^O',  probably  because  the  ore  contains  specular 
iron  mixed  with  it.  (Von  Kobell,  Schw.  62,  195;  64,  429;  J,  pr.  Ohem. 
1,  86.)  [For  Karsten's  analyses  of  various  kinds  of  magnetic  iron-ore 
vid.  Karsten's  Arch,  /.  Bergb.  u,  Huttenk,  16,  17.1 — On  the  hearths  of 
puddling  furnaces  there  is  formed  a  mixture  of  ferrous  silicate  and 
magnetic  oxide;  the  latter  is  found  crystallized  in  geodes  of  regular 
tetrahedrons,  truncated  octohedrons,  and  rhomboidal  dodecahedrons; 
these  crystals  dissolve  in  hydrochloric  acid,  with  separation  of  gelatinous 
silica,  and  contain  35  per  cent,  of  ferrous  oxide,  58  p.  c.  of  ferric  oxide, 
and  7  of  silica.  (Laurent  &  Holms,  Ann.  Chim.  Phy$,  60,  830;  also 
J,  pr,  Chem,  7,  339.)  Probably  a  mixture  of  3(FeO,Fe^63)  and  FeO,SiO». 
Decompositions  of  Ferroso-ferric  Oxide. — Reduced  to  the  metallic  state 
by  charcoal  at  a  white  heat.  Pounded  scale-oxide  ignited  in  a  charcoal 
crucible  is  converted  on  the  outside  into  soft  pulverulent  metallic  iron  of 
a  blackish-blue  colour;  further  inwards  is  found  olive-green  iron  which  is 
very  pure,  and  free  from  carbon  and  oxygen;  and  finally  in  the  middle 
there  is  formed  a  mixture  of  olive-green  iron  and  undecomposed  scale- 
oxide;  no  free  protoxide  is  found  in  any  part  of  the  mixture."— 2.  To 
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the  metallic  state  by  bjdrogen  gas  at  all  temperatures  between  400^  and 
the  strongest  heat  of  the  wind-furnace;  generally^  at  the  same  temperature 
as  water,  on  the  other  hand,  is  decomposed  by  metallic  iron.  (Gaj^-Lussacj 
comp,  I.  125.)~Ammoniacal  gas  likewise  reduces  the  iron  at  a  red-heat. 
— Ferrum  pulveratum  might  perhaps  be  best  prepared  by  reducing 
scale-oxide  with  hydrogen  gas  in  an  iron  tube.  — 3.  Carbonic  oxide  gas 
acts  like  hydrogen;  it  reduces  red-hot  ferroso- ferric  oxide  to  the  metallic 
state,  with  formation  of  carbonic  acid,  and,  on  the  other  hand,  carbonic 
acid  is  reduced  by  iron  to  the  state  of  carbonic  oxide,  with  formation  of 
ferroso -ferric  oxide.  (Despretz,  Ann.  Chim.  Phys,  43,  222:  also  jPo^^. 
18,  1.59;  Gobel,  J,jrr.Ckeni,  6,  386;  Leplay  &  Laurent,  ilnn.  (7^tm.  Pkys, 
65,  404.) — Carbonic  acid  ^as  mixed  with  an  equal  volume  of  carbonic 
oxide  likewise  converts  red-hot  iron  iuto  ferroso-ferric  oxide.  (Laurent, 
^7in.  Chim.  Phys,  Q5,  423.) — 4.  Potassium  and  sodium  at  about  300® 
likewise  reduce  ferroso-ferric  oxide  to  the  metallic  state,  the  reduction 
being  attended  with  a  slight  evolution  of  light  and  beat. — 5.  By  ignition 
with  sulphur,  this  oxide  yields  sulphurous  acid  and  sulphide  of  iron. — 
6.  When  finely  pulverized  and  treated  with  a  quantity  of  dilute  hydro- 
chloric acid,  less  than  sufiicient  to  dissolve  it  completely,  it  is  resolved 
into  ferrous  oxide  which  dissolves,  and  red  ferric  oxide  which  remains 
undissolved.  (Berzelius,  Sdiw,  15,  291.) 

Combination*. — a.  With  Water. — Hydrate  op  Ferroso-ffrric 
Oxide. — «.  Dingy -green  Hydrate. — By  exposing  the  white  hydrate,  of 
ferrous  oxide  to  the  air  for  a  short  time,^-or  by  precipitating  a  mixture 
of  a  ferrous  salt  and  a  small  quantity  of  ferric  salt  with  potash  or 
ammonia — a  dingy  green  hydrate  of  ferroso-ferric  oxide  is  obtained, 
which,  on  further  exposure  to  the  air,  is  quickly  converted  into  rusty 
brow^n  hydiute  of  ferric  oxide. 

/3.  Black  Hydrate. — Precipitated  from  a  solution  of  mairnetic  oxide  in 
hydrochloric  acid,  or  from  a  mixture  of  ferrous  and  ferric  salts  containing 
1  At.  FeO  to  1  At.  Fe^O^,  on  the  addition  of  potash  or  ammonia.  The 
yellow  solution  of  magnetic  oxide  in  hydrochloric  acid  yields  with 
ammonia  a  brownish-black  precipitate  which  is  magnetic  even  while  in 
the  liquid,  so  that  it  collects  round  a  magnet  dipped  into  that  liquid. 
It  may  be  washed  on  the  filter  without  becoming  more  highly  oxidized. 
(Liebig  &  Wdhler,  Pogg.  21,  583;  also  Mag.  Pharm.  34,  138.)— 2.  The 
same  precipitate  is  obtained  by  mixing  sulphate  of  ferric  oxide  and 
ammonia  with  sulphate  of  ferrous  oxide,  in  such  proportion  that  the  ferric 
oxide  present  in  the  mixture  may  contain  three  times  as  much  oxygen  as 
the  ferrous  oxide,  and  precipitating  with  ammonia.  If  the  quantity  of 
ferrous  sulphate  is  greater  tiian  the  above,  the  precipitate  will  contain  an 
excess  of  hydrated  ferrous  oxide,  which  will  oxidate  more  quickly;  if, 
on  the  contrary,  the  ferric  salt  is  in  excess,  the  precipitate  will  contain 
free  hydrated  ferric  oxide,  from  which  the  hydrated  ferroso-ferric  oxide 
may  be  separated  by  the  magnet.  (Abich,  Pogg.  23,  354.) — 3.  Two 
equal  portions  of  ferrous  sulphate  are  taken ;  the  first  is  dissolved  in 
water  acidulated  with  sulphuric  acid,  and  oxidated  at  a  boiling  heat  by 
the  addition  of  nitric  acid  in  small  portions  at  a  time.  The  other  portion 
is  dissolved  in  water  freed  from  air  by  boiling.  The  two  solutions  are 
then  mixed;  the  mixture,  while  still  hot,  precipitated  by  ammonia  added 
at  once  in  excess;  and  the  liquid,  together  with  the  brown-black  preci- 
pitate, heated  for  some  minutes  to  the  boiling  point.  The  precipitated 
ferroso-ferric  oxide  is  then  collected  on  a  filter  and  washed — during 
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which  process  it  undergoes  farther  oxidation^-and  then  dried  at  a  gentle 
heat.  JWShler,  Ann.  Pharm,  22,  5Q)  [This  process  should  yield 
2FeO,Fe'0'i  but  even  if  a  greater  quantity  of  ferric  oxide  is  not  produced 
by  the  nitric  acid  still  remaining,  or  by  contact  with  the  air,  the  propor- 
tion of  that  oxide  is  sure  to  be  increased  by  decomposition  of  water.l-^ 
Mercer  (JPkU.  Mag.  J,  20,  340)  adopts  the  same  process,  excepting  that 
he  boils  the  liquid  down  so  as  to  expel  any  accidental  excess  of  nitric 
acid  and  precipitates  by  potash  at  a  boiling  heat  instead  of  by  ammonia. 
The  precipitate  when  examined  by  the  microscope  appears  to  consist  of 
brown  transparent  laminto. — 4.  Bottger  {BeUragey  2,  12)  precipitates 
ferrous  sulphate  free  from  ferric  oxide  by  the  addition  of  carbonate  of 
soda;  washes  the  precipitate  several  times  by  decantation;  and  then  boils 
it  with  tolerably  concentrated  caustic  potash.  This  process  yields  a 
yel vet-black  powder,  much  less  liable  to  absorb  an  additional  quantity  of 
oxygen  than  that  which  has  been  precipitated  by  ammonia.  [No  hydrogen 
is  evolved  on  boiling  the  precipitate  with  potash  out  of  contact  of  air, 
and  the  precipitate  remains  greyish- white.  Gm.] — 5.  Noel  (^Y.  </.  Pharm, 
1,  62)  precipitates  ferrous  sulphate  with  carbonate  of  soda,  washes  the 
ferrous  carbonate  by  decantation,  leaves  it  to  drain  upon  linen,  aod  then 
heats  it  in  a  cast-iron  vesesl,  with  constant  stirring,  till  it  is  dry.  It  is 
thereby  converted  into  a  velvet-black  powder.  Soubeiran  obtained  by 
this  process  a  precipitate  which  was  not  perfectly  black,  and  when 
treated  with  hydrochloric  acid,  evolved  carbonic  acid. — 6.  Preuss  intro- 
duces 4  parts  of  pulverized  iron  and  5  parts  of  ferric  oxide  into  a  flask, 
together  with  a  two  or  threefold  quantity  of  water,  and  boils  the  liquid 
gently  for  some  time.  The  mixture  gives  off  fetid  hydrogen  gas  and 
turns  dark  brown  at  first,  but  afterwards  black.  When  the  evolution  of 
gas  ceases  and  the  resulting  black  powder  settles  down  readily,  it  13 
separated  by  levigation  from  the  excess  of  iron;  thrown  on  a  filter  of 
grey  porous  paper;  and  the  filter,  after  the  water  has  drained  off,  is 
wrapped  up  in  a  large  quantity  of  paper,  and  quickly  dried  in  hot  air.— 
The  black,  very  loose  powder  dissolves  in  acids  without  evolution  of  gas, 
and  the  solution  yields  a  black  precipitate  on  the  addition  of  an  alkali. 
The  precipitate  must  not  be  dried  by  heat,  because  in  that  case  it  would 
turn  brown  from  higher  oxidation.  In  the  formation  of  ferroso-ferric 
oxide  by  this  process,  the  ferric  oxide  does  not  give  up  oxygen  to  the 
iron,  but  induces  the  decomposition  of  the  water,  by  its  predisposing 
affinity  for  ferrous  oxide.  Zinc  is  not  oxidated  by  boiling  with  water 
and  hydrated  ferric  oxide;  the  hydrates  of  alumina  and  chromic  oxide 
exhibit  a  similar  disinclination  to  oxidate  iron.    (Wbhler,  Ann.  Pharm, 

28,  92.) 

The  black  hydrate  of  ferroso-ferric  oxide  exhibits,  after  drying,  the 
appearance  of  brown-black,  brittle,  strongly  magnetic  lumps,  having  a 
conchoidal  fracture  and  yielding  a  dark  brown  powder.  It  contains 
about  7  per  cent,  of  water,  which  it  gives  off  when  heated  in  a  retort, 
leaving  black  anhydrous  ferroso-ferric  oxide.  When  heated  in  the  air  it 
is  converted  into  ferric  oxide.  From  its  yellow  solution  in  hydrochloric 
acid,  it  is  precipitated  unchanged  by  ammonia.  (Wohler.) 

Iran-black  or  jEthiops  martialU  Lemeryi  is  a  mixture  of  ferric  and 
ferrous  oxides,  in  different  proportions,  according  to  the  mode  of  prepara- 
tion, and  partly  hydrated. 

Anhydroui  JSihiops  is  obtained  by  the  following  methods:  1.  By 
passing  aqueous  vapour  over  red-hot  iron,  or  sprinkling  red-hot  iron 
tilings  or  nails  repeatedly  with  water,  till  they  become  friable.     This 
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method  yields  PeO,PeW. — 2.  An  intimate  mixture  of  pulveriied  iron 
and  fprric  oxide  is  tightly  pressed  into  a  crucible,  the  cover  put  on, 
and  the  whole  exposed  for  two  hours  to  an  intense  hrat.  To  obtain 
FeOjFe^O''  by  this  process,  the  proportions  required  are  '^7  pts  (I  At.) 
iron,  312  pts.  (4  At.)  Fe^O^  Vauquelin  and  Bucholz,  with  the  view  of 
obtaining  pure  ferrous  oxide,  prescribe  95  parts  (rather  more  than  1  At.) 
of  ferric  oxide  to  27  pts.  (1  At )  of  iron;  iu  that  case,  the  products  most 
contain  metallic  iron. — 3.  Hydrated  ferric  oxide  is  mixed  with  a  sufficient 
quantity  of  olive  oil  to  form  it  into  a  moist  powder,  and  then  ignited  in  a 
covered  crucible  or  in  a  retort.  The  anhydrous  oxide  may  likewise  be 
used  instead  of  the  hydrate,  and  wax  or  vinegar  instead  of  oil :  vinegar 
if  used  must  be  added  in  large  quantity,  the  mixture  subsequently 
distilled,  and  the  residue  heated  to  redness.  The  charcoal  which  remains 
on  i;,niiting  these  substances,  serves  for  the  partial  reduction  of  the  ferric 
oxide.  If  the  quantity  of  organic  matter  is  too  small,  part  of  the  ferric 
oxide  remains  unaltered;  if  it  is  too  great,  an  excess  of  charcoal  is  pro- 
duced, and  part  of  the  ferroso-ferric  oxide  is  thereby  reduced  to  the 
metallic  state. 

lli/drated  j^tkiops. — 1.  Iron-filings  are  placed  in  a  wide  vessel  and 
covered  with  a  deep  stratum  of  water;  the  whole  is  exposed  to  the  air  for 
a  considerable  time  and  frequently  stirred;  and  the  lighter  black  powder 
which  forms,  decanted  from  time  to  time  from  the  remaining  iron  filings, 
then  quickly  collecteil  on  a  filter,  and  rapidly  dried  at  a  moderate  heat. 
(Lemery.)  If  the  filings  are  moistened  with  only  a  small  quantity  of 
water,  and  the  mixture  agitated,  the  oxidation  goes  on  much  more  rapidly 
and  is  attended  with  evolution  of  heat,  so  th:tt  it  becomes  necessary  to 
replace  the  water  as  it  evaporates;  after  ^ve  days  the  sE^thiops  may 
be  removed  by  levi^ation.  (Cavezznli.)  This  preparation  is  doubtless 
identical  with  the  black  hydrate  of  ferroso  ferric  oxide  alrea<ly  described 
(p.  192),  and  the  much  more  expeditious  modes  of  forming  it^  recommended 
by  Preuss  and  Wohler,  are  to  be  preferred* 

b.  With  Acids,  forming  the  Salts,  of  FERnoso-PEnnic  Oxinfi,  or 
FEnuoso-Fi  RUic  Salts. — These  salts  are  obtained  by  partial  oxidation  of 
ferrous  salts,  or  partial  <le  oxidation  of  ferric  salt^,  or  by  mixing  ferrous 
salts  with  ferric  salts,  or  by  dissolving  ferroso-ferric  oxide  in  attids. 
They  are  mostly  of  a  bright  green,  brownish,  or  yellow  colour,  and  have 
a,  ferruginous  taste.  Like  the  ferrous  salts,  they  are  converted  into  ferric 
salts  by  oxidation.     Many  oxidable  substances^  on  the  contrary,  such  as 


I  any  reacticms  belongi  ^ 
to  one  or  the  other  of  these  salts.  They  are  characterized  by  the  green^ 
black,  or — if  a  large  quantity  of  ferric  salt  is  present — the  brown-black 
precipitate  which  they  form  with  alkalis,  and  the  blue  with  C3ranide  of 
potassium.  They  resemble  the  ferrous  salts  in  giving  a  blue  precipitate 
with  ferricyanide  of  potassium,  and  the  ferric  salts  in  their  behaviour  with 
raeconic  acid,  gallic  acid,  hydrosulphocyanic  acid,  and  ferrocyanide  of 
pKotassium. 

D.  Ferric  Oxide.     Fe«0». 

Sesquioxide  of  Iron,  Peroxide  of  Iron,  lied  Oxide  of  Iron.  Occurs  in 
the  forms  of  Specular  Iron  or  Iron-glanee,  lied  tioemcUite  or  Med 
Iron-stone,  and  Martite, 
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Preparation.  1 .  By  i.a:niting  the  metal  or  ferroso-ferric  oxide  for  a 
considerable  time  in  contact  with  air  :  Crocus  Martis  adftringens, — 2.  By 
igniting  hydrated  ferric  oxide.— 3.  By  strongly  igniting  calcined  green 
Titrioly  or  disnlphate  of  ferric  oxide  :  Colcothar,  CaprU  mortuum  VHrioli, 
— 4.  By  oxidating  iron  with  nitric  acid,  then  evaporating  to  dryness  and 
igniting. — 5.  By  deflagrating  1  part  of  iron  filings  with  three  parts  of 
nitre,  and  extracting  the  potash  with  water:  Crocus  MartU  Zwelferi. 

Propet'ties.  The  primary  form  of  specalar  iron  is  an  acute  rhombo- 
hedron,  Fi(/.  1.51;  also  Fic/s.  153,  155,  156,  157;  7'^:r*=87°  «';  ^•'ir'or 
r*=02^5';  somewhat  cleavable  parallel  to  r.  (Uaay.)  Sp.  gr.  52  31 
(Mohs);  519.. .£23  (G.  Rose).  Softer  than  qoartz;  steel-grey,  j^ielding 
a  brown-red  powder.  In  thin  laminse,  as  it  occurs  in  micaceous  iron-ore, 
it  transmits  light  of  a  red  colour.  Red  haematite  is  generally  of  fibrous 
texture,  less  hard,  of  brown-red  colour,  and  mostly  has  a  density  of  4*7. 
— Martite,  although  it  consists  of  pure  ferric  oxide,  crystallizes  in  regular 
octohedrons,  probably  therefore  exhibiting  a  case  of  dimorphism.  (Kubell, 
JSchw,  62,  196.) — Artificial  ferric  oxide,  obtained  by  strong  ignition  of  the 
sulphate  or  nitrate,  is  steel -grey  and  metallic;  sometimes,  when  it  is 
produced  by  heating  the  sesquichloride  of  iron  in  vesi^els  containing  air, 
it  forms  a  sublimate  consisting  of  laminse,  identical  with  those  of  mica- 
ceous iron- glance  {Fiff4  153,  with  the  p  faces  enlarged);  and  appears  red 
by  transmitted  light.  The  same  lamime  are  formed  in  pottery-furnaces  in 
which  the  ware  is  glazed  with  common  salt.  (Mitscherlich.  Pogg.  lo,630.) 
IT  The  specific  gravity  of  artificial  ferric  oxide  ignited  over  a  spirit  lamp, 
is  5*17;  after  ignition  over  a  charcoal  fire.  5  04.  In  the  pottery-furnace, 
it  melts,  but  is  at  the  same  time  partly  converted  into  ferrous  oxide. 
(H.  Rose,  Fogg,  74,  440.)  IT 

Bu«  Gay*         Stro*         fier-      D(>bti-  Thorn- 

cholz.       Lussac.      tneyer.       zelias.     reiner.         ton. 

2Pc 54  ....  69-23     ....     70*42  ....  70-27  ....  6985  ....  69*22  ....  69  ....  68'965 

30  24  ....  30-77     ....     2958  ....  29/3  ....  3015  ....  3078  ....  31  ....  ai-036 

FeW  ....  78  ....lOu  00     ....  10000  ....100*00  ....10000    ...10000  ....100  ....  lOO'OOO 

(Fe^CH  =  2  .  339*21  +  300  =  97842.     BerzcUua.) 

DecampoiUions.  1.  By  gentle  ignition  with  charcoal,  it  is  reduced  to 
ferroso-ferric  oxide;  by  stronger  ignition,  to  the  metallic  state.— -Ferrio 
oxide,  heated  to  whiteness  in  a  cliarcoal  crucible,  yields  metiillic  iiou  at 
the  part  which  is  in  contact  with  the  charcoal  lining,  but  not  till  tlie 
rest  of  the  oxide,  to  the  very  centre,  is  reduced  to  the  state  of  ferroso- 
ferric  oxide.  (Berthier.)  This  reduction  of  the  part  of  the  oxide  not  in 
contact  with  the  charcoal,  to  the  state  of  ferroso-ferric  oxide,  is  due  to  the 
action  of  carbonic  oxide  gas.  If  two  platinum  crucibles,  the  one  contain- 
ing a  piece  of  charcoal,  the  other  a  piece  of  iron-glance,  be  placed  at  » 
distance  from  one  another  in  a  porcelain  tube  closed  at  one  end^  and  the 
whole  ignited,  carbonic  oxide  and  carbonic  acid  gases  are  evolved,  and 
the  iron-glance  reduced  to  the  metallic  state.  For  the  oxygen  of  the  air 
in  the  tube  combines  with  the  charcoal  and  forms  carbonic  oxide  gas, 
which  is  converted  into  carbonic  acid  by  the  ferric  oxide,  and  subse- 
quently brought  ba<5k  to  the  state  of  carbonic  oxide  by  the  charcoal,  and 
so  on.  If  the  tube  is  filled  with  nitrogen  gas,  the  reduction  is  much 
slower;  in  this  case,  the  small  quantities  of  oxygen  and  hydrogen  in  the 
charcoal,  which  are  set  free  in  the  forms  of  carbonic  oxide  and  hydrogen 
gas,  serve  to  induce  the  reduction.  (Leplay  d^  Laurent,  Ann»  Chim,  Fhys^ 
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65f  403;  also  J.  pr.  Chem,  13,  284.)  —  The  peculiar  circamstanee  in 
Berthier*8  experiment  of  the  non-prodnetion  of  metallic  iron  till  all  the 
ferric  oxide  had  been  converted  into  ferroso-ferric  oxide,  cannot  be  ex- 
plained by  the  penetration  of  carbonic  oxide  gas  from  the  carbonaceous 
envelope  to  the  interior;  for  carbonic  oxide  conld  not  penetrate  the 
ferroso-ferric  oxide  without  reducing  it  to  the  metallic  state;  the  reduc- 
tion must  therefore  be  a  transposition  of  atoms,  like  that  which  occurs 
in  galvanic  decompositions,  whereby  the  oxygen  of  the  ferric  oxide  is 
transferred  from  the  interior  towards  the  carbonaceous  envelope.  For 
copper,  likewise,  when  surrounded  with  cupric  oxide  and  ignited,  is 
converted,  even  to  a  considerable  depth,  into  cuprous  oxide,  to  which 
state  the  cupric  oxide  is  also  reduced, — and  this  effect  takes  place  with- 
out the  co-operation  of  any  gas.  (Degen,  Ann,  Pharm,  29,  261.)  — 
Becquerel  {Ann.  Chim.  Fkys.  49,  131)  likewise  supposes  a  galvanic 
motion  of  this  nature  to  take  place  in  Berthier*s  experiment. 

Since,  according  to  Laurent  (Ann.  Chim.  Phys,  ^5,  404),  carbonic 
oxide  gas,  mixed  with  an  equal  volume  of  carbonic  acid,  merely  reduces 
ferric  oxide  to  ferroso-ferric  oxide,  the  explanation  of  Leplay  &  Laurent 
may  still  hold  good,  if  we  are  at  liberty  to  suppose  that  the  diffusion  of 
the  gases  in  the  pulverulent  mass  of  ferroso-ferric  oxide  takes  place 
quickly  enou/^h  to  transfer  the  carbonic  acid  gas  produced  in  the  interior 
towards  the  charcoal  envelope,  in  quantity  sufficient  to  interfere  with  the 
reducing  action  of  the  carbonic  oxide  which  diffuses  itself  from  without 
inwards, — that  reducing  action,  moreover,  bein^  in  itself  but  feeble. — 
Ferric  oxide  ignited  with  carbonate  of  soda  on  charcoal  before  the  blow- 
pipe, sinks,  together  with  the  carbonate  of  soda,  into  the  charcoal,  and 
is  easily  reduced  to  a  metallic  powder,  which  may  be  separated  from  the 
charcoal  by  pounding  and  levigation.  (Berzelius.) — 2.  A  stream  of  car- 
bonic oxide  gas  reduces  ferric  oxide  heated  to  redness  in  a  tube,  first  to 
ferroso-ferric  oxide,  and  afterwards  to  the  metallic  state.  (Gobell,  J.  pr. 
Chem.  6,  386;  Gm.) — Proust  {Scher.  g.  10,  113;  also  GHh.  25,  16)  and 
Nasse  {ScJiw.  46,  73)  found  ferric  oxide  reduced  to  the  metallic  state  in 
a  pottery -furnace,  doubtless  by  the  action  of  carbonic  oxide  gas. — Proust 
also  found  that  ferric  oxide  was  reduced  to  ferroso-ferric  oxide  when 
ignited  in  crucibles  (into  which  the  carbonic  oxide  from  the  fire  could 
penetrate),  but  not  when  heated  in  a  coated  retort. — 3.  Hydrogen  gas 
acts  like  carbonic  oxide.  The  reduction  begins  somewhat  above  the 
boiling  point  of  mercury.  (Magnus.) — Ammoniacal  gas  likewise  reduces 
ferric  oxide  to  the  metallic  state. — 4.  Ferric  oxide  ignited  with  sulphur 
yields  sulphurous  acid  and  sulphide  of  iron. — It  is  not  reduced  by  a 
boiling  solution  of  protochloride  of  tin.  (A.  Vogel.  Ka$tn.  Arch.  23,  85.) 

Comhinatums.  a.  With  Water.  Hydrated  Ferric  Oxide,  or 
Ferric  Hydrate. — Found  native  in  the  form  of  Broum  Iron-ore,  dfc. 
Many  kinds  of  brown  iron-ore  appear  to  be  formed  by  the  deposition  of 
hydrated  ferric  oxide  from  water  containing  ferrous  carbonate  in  solution, 
as  it  issues  out  of  the  earth  and  evaporates  in  the  air.  If  this  water 
gives  off  its  carbonic  acid  out  of  contact  of  air,  it  deposits  monocar- 
bonate  of  ferrous  oxide  in  the  form  of  Sphcerosiderite.  (Bischoff,  Sckw.  68, 
420.)  Much  hydrated  ferric  oxide  has  likewise  been  produced  by  the 
action  of  the  air  on  ferrous  carbonate  and  sulphide  of  iron. — Prepara- 
tion. 1.  By  exposing  iron  moistened  with  water  to  the  air  for  a  consi- 
derable time:  Iron-rust,  Crocus  Mart  is  aperitivus.  —  2.  By  exposing 
hydrate  or  carbonate  of  iferroas  oxide,  obtained  by  precipitating  green 
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vitriol  with  a  caustic  alkali  or  alkaline  carbonate  and  afterwards  washed, 
to  the  air  while  yet  moist. — 3.  By  precipitating  a  ferric  salt  with  excess 
of  caustic  alkali  or  alkaline  carbonate.  According  to  Berzelius,  the  pre-r 
cipitate  thereby  obtained  always  contains  more  or  less  of  the  alkali  em- 
ployed.— The  native  hydrate  is  brown  or  yellow,  crystallized  in  thin 
tables,  capillary,  fibrous,  compact,  conchoidal  or  ochrey. — Iron-rust  and 
the  hydrate  obtained  by  (2)  are  yellowish-brown,  friable,  earthy  masses. 
The  hydrate  precipitated  by  ammonia  dries  up  to  a  compact  brown  mass 
having  a  shining,  conchoidal  fracture. — If  any  of  the  looser  varieties  of 
the  hydrate,  either  natural  or  artificial,  are  gently  heated  (not  to  redness) 
80  as  to  expel  the  water,  and  the  remaining  oxide  is  then  more  strongly 
heated,  it  becomes  incandescent  without  further  loss  of  weight,  and  i  s 
afterwards  less  soluble  in  acids.  (Berzelius.)  ' 

There  are  several  varieties  both  of  the  native  and  of  the  artificial 
hydrate,  differing  not  only  in  external  appearance,  but  likewise  by  th© 
quantities  of  water  which  they  contain.  According  to  the  analyse^ 
hitherto  given,  the  following  varieties  may  be  distinguished  : 

a.  Fe'O'jHO. — To  this  head  belong :  a.  Needle  iron-ore  from  Ober« 
kirchen.  (It  is  amorphous  with  Manganite  [IV,  203]  of  specific  gravity 
4-32,  and  contains  10  percent,  of  water:  Breithaupt.) — h.  Gothite  {Pyro- 
siderite,  Rvhy  mica)  from  Eisenfeld  in  Nassau.  —  c.  Lepidokrokite  from 
the  Hollertenzug  in  the  Westerwald.  (In  a  specimen  of  this  mineral 
from  Hamm,  Breithaupt  found  1 4*32  per  cent,  of  water,  and  in  one  from 
Baden  13'49  percent.)  —  d.  Brown  Iron-ore  from  Saxony  in  pseudo- 
crystals  of  iron-pyrites.  According  to  Kobell  {J.  pr,  Chem,  1,  181)  the 
brown  Haematite  from  Maryland  and  that  from  Beresof  have  a  similar 
composition. — e.  The  same  from  Orenburg.  (The  so-called  mineral  hail- 
stones.) 


KobeU. 

Hermann. 

a. 

b. 

c. 

d.^ 

e. 

rc»o3  .... 

7S 

....  89-65  .... 

90-53 

86-35 

■  ■•« 

85-65 

•  «  •• 

86*34 

....  90-02 

HO  

9 

....  10-35  .... 

9-47 

11-38 

•  •■■ 

11-50 

•  ••• 

11-66 

....  10-19 

SiO»     .... 

trace 

0-85 

•  «•• 

0-35 

•  ••• 

2-00 

CaO      .... 

trace 

•  >•• 

trace 

Mn^Oa 

0-51 

■  •  ■  ■ 

2-50 

CuO      .... 

0-91 

Fe203,HO  87 

....10000  .... 

100-00 

100-00 

•  •■■ 

10000 

•  ••• 

100-00 

....100-21 

fi,  2Fe*0',3HO. — a.  Fibrous  Brown  Iron-ore  or  Brotvn  Hoematite  from 
Vicdessos. — 6.  The  same  from  Kamensk. — c.  The  same  from  Horhausen. 
According  to  Breithaupt,  brown  hflematite  contains  on  the  average  39-59 
per  cent,  of  water,  and  likewise  a  small  proportion  of  silica  which  remains 
as  a  gelatinous  residue  when  the  mineral  is  dissolved  in  acids,  and  appears 
to  be  an  essential  constituent  of  fibrous  brown  iron-ore. — d.  Compact 
Brotvn  iron-ore  from  Pr.  M  in  den,  in  pseudo-crystals  of  iron-pyrites.  — 
e.  Iron-rust,  prepared  according  to  (1). 

Danbis-      Ko-  Schon- 

Bon.  bell.  berg.  Kobell.       Berzelias, 

2Fe^0»    156  ....  85-24  ....  82  ....  83-*38  ....  82-*27  ....  82-24     ....     85*3 

3HO  27  ....  14-76  ....  14  ....  15-01  ....  1326  ....  1326     ....     14-7 

SeO>  ....  1  ....  1-61  ....  4-50  ....  450 

Mn*Os   ....  2 

2Fc»03,3HO    183  ....lOO-OO  ,.„  99  ....  10000    .„.  )0p-03     ....  JOO-00     ....  jypQ  ' 
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y,  Fe'0',2H0. — a,  Violet-brown  fibrous  brown  iron-ore  from  Rascbau; 
sp.  gr.  3*34. — 6.  The  hydrate  precipitated  by  ammonia  from  ferric  hydro- 
ciilorate  and  dried  at  100°.  The  loss  by  ignition  may  arise  from  a  small 
quantity  of  ammonia  as  well  as  water. — c. 'Ihe  same  dried  in  the  sun 
(the  composition  of  this  nearly  corresponds  to  the  formula  Fe^0^3H0). 

Breltliaapt.  Gm.  Berthier. 

a.  h,  e, 

Fe»0» 78     ....     81-25       ....       80v3       ....  81*49  ....       72 

2HO  18     ....     18/5       ....       19-7       ....  1851  ....       28 

Fc20',2HO       96    ....  100*00      ....     100-0      ....     lOO'OO      ....     100 

If  According  to  Schaffner  {Ann,  Pharm.  51,  117),  the  hydrate  obtained 
by  precipitating  hydrochlorate  of  ferric  oxide  with  ammonia,  contains 
80  74  p.  c.  ferric  oxide  and  10*26  water,  numbers  which  agree  with  the 
formula  Fe'O'  +  HO.  The  same  hydrate  is  also  formed  by  exposing 
ferrate  of  potash  to  the  air.  According  to  Wittstein  (Buchner's  Hepnt, 
43,  867),  hydrated  ferric  oxide,  when  first  precipitated,  contains  3  atoms 
of  water,  Fe?0^3H0.  and  in  that  state  is  easily  soluble  in  acetic  or  citric 
acid,  and  when  examined  by  the  microscope  presents  the  appearance  of 
an  amorphous  powder.  But  after  being  kept  for  some  time  under  water,  it 
acquires  a  crystalline  structure,  and  becomes  much  less  soluble  in  acids. 
In  tbis  state,  it  is  found  to  contain  half  as  much  water  as  before,  being; 
in  fact,  composed  of  2Fe-0^3HO.  % 

6.  With  Acids,  forming  the  Salts  op  Ferric  Oxide,  or  Fepric 
Salts. — Per-salts  of  Iron. — The  affinity  of  ferric  oxide  for  acids  is  much 
less  than  that  of  ferrous  oxide.  Crystallized  and  ignited  ferric  oxide 
dissolves  very  slowly  in  acids;  the  hydrate  dissolves  easily.  Ferric  salts 
are  likewise  produced  by  exposing  ferrous  and  ferroso-ferric  salts  to  the 
air,  or  by  heating  them  with  nitric  acid,  or  by  bringing  them  in  contact 
with  chlorine- water,  or  with  other  bodies  containing  oxysren;  also  by 
dissolving  iron  in  nitric  acid,  or  in  another  acid  mixed  with  nitric  acid 
and  heated. — The  dehydrated  salts  of  ferric  oxide  containing  3  atoms  of 
acid  are  mostly  white;  the  hydrated  and  the  more  basic  salts  are  generally 
brown  or  browriish-yellow;  those  which  are  soluble  have  an  inky  taste, 
more  astringent  than  that  of  the  ferrous  salts.  They  give  otf  their  acid, 
if  it  is  volatile,  at  a  red  heat,  and  exhibit  before  the  blowpipe  all  the 
reactions  of  ferric  oxide.  One  atom  of  ferric  oxide  requires  3  atoms  of 
acid  to  form  a  normal  salt,  and  the  salts  thus  formed  are  for  the  most 
part  soluble  in  water,  and  when  dissolved,  redden  litmus.  Many  of  these 
solutions,  when  deprived  of  part  of  their  acid  by  an  alkali,  acquire  a 
darker  red-brown  colour,  and  if  subsequently  boiled,  deposit  hydrated 
ferric  oxide  or  a  basic  salt.  (Herschel,  Pogg.  25,  628.)  The  ferric  oxide 
is  precipitated  in  greater  quantity  as  the  solutitm  is  more  dilute.  If,  for 
example,  ammonia  be  added  to  a  dilute  solution  of  a  ferric  salt,  till  the 
liquid  is  jierfectly  neutral,  ferric  oxide  is  deposited  on  the  application  of 
heat;  and  if  the  liquid  be  again  neutralized  after  cooling,  it  will  yield  a 
fresh  precipitate  of  ferric  oxide  when  heated  — and  so  on,  till  all  the  oxide 
is  prec'pitated.  The  complete  precipitation  of  the  ferric  oxide  may  be  at 
once  efl'ccted  by  heating  the  iron  solution  to  the  boiling  point,  and  mixing 
it  with  dilute  ammonia  till  it  no  longer  reddens  litmus,  or  till  it  acquires 
a  very  slight  alkaline  reaction;  under  these  circumstances,  the  protoxides 
of  manganese,  nickel,  cobalt,  and  likewise  of  cerium,  are  retained  in  solu- 
tion.   (Herschel,  Phil.  Trans.  1821,  293;   also  Ann.  Chim,  Phys.  20, 
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S04;  abstr.  Schw*  32,  452.)  The  solution  may  aUo  be  neutralized  with 
potash,  then  largely  diluted  and  bdiled.  A  solution  of  the  sulphate  is 
best  adapted  to  the  purpose,  because  the  basic  sulphate  of  ferric  oxide, 
which  is  at  first  precipitated,  is  insoluble  in  water,  whereas  the  basic 
hydrochlorate  is  slightly  soluble,  and  the  basic  nitrate  more  so.  (M. 
Sheerer,  Pogg.  49,  206.)  Metallic  iron  immersed  in  ferric  salts  protected 
from  the  air,  converts  them  into  ferrous  salts :  e,  g, 

Fe03,3S05  +  Ffi  =  3{FeO,SO'). 

The  eame  effect  is  produced  by  other  metals,  even  by  silver  at  a  boiling 
heat,  whereas,  at  ordinary  temperatures,  a  ferrous  salt  by  contact  with  a 
silver-salt  is  converted  into  a  ferric  salt,  and  silver  is  pre<'ipitated  in  the 
metallic  state.  (I.  132  ) — Phosphorous  acid  converts  ferric  into  ferrous 
salts,  with  formation  of  phosphoric  acid,  slowly  in  the  cold,  immediately 
on  the  application  of  heat.  (Berthier,  Ann.  Chim.  Fht/s.  50,  363  )     Phos- 
phoric oxide  forms  a  white  precipitate  with  hydrochlorate  of  ferric  oxide, 
(Leverrier.) — Sulphurous  acid  reduces  ferric  salts  to  the  state  of  ferrous 
salts  with  great  facility,  especially  if  the  solution  is  heated.    (A.  Vogel. 
J.  pr  Chem.  29,  281.)     The  effect  observed  by  11.  Phillips  {PkiL  Mag.  J. 
2,  75),  that  sulphurous  acid  imparts  to  ferric  sulphate  a  deep  red  cohiur 
which  disappeai-s  in  a  few  hours  without  reduction  of  the  salt,  must  La 
attributed  to  the  presence  of  nitric  acid,  inasmuch  as  he  used  <;re8n  vitriol 
oxidized   by  boiling   with    nitric   acid. — Protochloride  of  tin  likewise 
reduces  ferric  to  ferrous  salts;  so  also  does  trithionic  aci<l.  (Persoz.) — A 
dilute  solution  of  ferric  chloride  imparts  a  bine  colour  to  an   alcoholic 
solution  of  guiac-resin.  (Unverdorben  )  —  Hydrosulphuric  acid  converts 
ferric  salts  which  contain  one  of  the  stronger  acids  into  ferrous  salts,  with 
precipitation  of  sulphur.     In  a  solution  of  the  hydrochlorate   but  not  in 
the  acid  acetate)  a  small  quantity  of  sulphuric  acid  is  produced,  even  in 
the  cold.  (H.  Rose,  Pogg.  47,  161.)     Ii  the  ferric  oxide  is  dissolved  in  a 
weaker  acid,  sulphuretted  hydrogen  throws  down  a  black  precipitate  of 
bydrated  sesquisulphide  of  iron  :  e.  g,,  from  the  solution  of  ferric  oxide  ia 
vegetable  acfds,  such  as  acetic  acid,  when  the  acid  is  not  in  excess;  or 
from  a  solution  of  the  oxide  in  a  mineral  acid  mixed  with  acetate  of  soda; 
part  of  the  iron,  however,  always  remains  dissolved  in  the  form  of  ferrous 
oxide.  (Wackenroder,  iV.  j5r.  A/'cA.  16,118.)     Alkaline  hydrosulphates 
precipitate  the  iron  completely — in  the  form  of  black  hyarated  sesaui- 
sulphide,  if  the  iron-salt  is  poured  into  an  excess  of  the  alkaline  hyclro- 
sulphate,  but  as  a  mixture  of  hydrated  soquisulphide  and  sulphur,  in  the 
contrary  case      The  precipitated  sesquisulphide  is  insoluble  in  excess  of 
the  alkaline  hydrosulphate;    if,  however,  the  solution   is  y^vy  dilute,  a 
small  quantity  of  the  sulphide  remains  dissolved,  imparting  a  {rreeu  colour 
to  the  liquid  (H.  Rose),  and  is  deposited  on  exposure  for  some  time  to  the 
air,  or  on  the  addition  of  hydrosulphite  of  ammonia.    ^Wackenrotler.) 
The  precipitated  sulphide  acquires  a  rusty  brown  colour  when  exposed 
to  the  air;   it  dissolves  easily  in  mineial  acids,  but  not  in  acetic  acid. 
(Wackenroder.) — An  aqueous  solution  containing  not  less  than  I  pan  of 
iron  in  100,000  parts  of  water  gives  a  blacrk  precipitate  with  hy<Irosul- 
phate  of  ammonia;  with  200,000  parts  of  water,  a  dark  green  mixture  is 
produced;    with  400,000  pts.  a  greyish-green;  and  with  800,000  pts.  of 
water,  a  greyish-green  colour  after  a  few  minutes.     A  t^imiljir  effect  is 
produced  by  bihydrosulphate  of  potash.  (Roth,  Repert.  47,  368.)    Hypo- 
sulphite of  soda  produces  with  ferric  salts  a  blackish-red  colour,  whith 
4isappear8  in  a  few  hours^  the  ferric  salt  being  reduced  to  the  h^oj^,^ 
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state.  (Lenz,  Ann.  Fharm.  40,  101.)  Tfae  red  colouiii^  is  prodaced 
eren  when  the  liqaid  u  quite  free  from  nitric  acid,  and  it  diaappears  in  a 
few  aeccmda.  (6m.)  The  hydrated  salphtdes  of  manganese,  cobaJty  and 
nickel  throw  down  sesqaisnlphide  of  iron  from  a  eolation  of  ferric  hydro- 
dilorate.  (An then.) 

All  caostic  alkalis  added  in  sufficient  qnantity  to  ferric  salts,  throw- 
down  jellowish-brown  flakes  of  hydrated  ferric  oxide,  which,  according 
to  Berzelins,  carries  more  or  less  of  the  alkali  down  with  it,  and  is  inso- 
luble in  excess  of  the  alkali.  IT  According  to  Schafiner,  hydrated  ferric 
oxide  precipitated  by  ammonia  is  perfectly  free  from  that  alkali,  so  that 
when  it  is  ignited  with  carbonate  of  lead-oxide  in  a  tube,  the  gas  which 
escapes  pasMd  into  hydrochloric  acid,  and  the  liqaid  afterwards  treated 
with  chloride  of  platinum,  not  a  trace  of  chloroplatinate  of  ammonium  is 
obtained. — Accoiding  to  Wittstein,  hydrated  ferric  oxide  is  slightly 
soluble  in  strong  caustic  potash;  Schaffner,  on  the  other  hand,  is  of 
opinion  that  the  oxide  supposed  to  be  dissolved  by  the  potash  is  merely 
in  a  state  of  fine  mechanical  suspension  IT. — The  monocarbonates  of 
ammonia,  potash,  and  soda,  and  likewise  the  bicarbonates,  yield  the  same 
precipitate  as  the  caustic  alkalis;  it  is,  however,  of  a  lighter  brown  colour 
(becoming  darker  on  boiling);  contains  a  small  quantity  of  carbonic  acid; 
and  if  the  liquids  are  somewhat  concentrated,  dissolves  in  excess  of  the 
alkaline  carbonate,  forming  a  red-brown  solution.  The  precipitate  is  not 
dissolved  on  passing  chlonne  gas  through  the  liquid.  (Wackenroder.)-^ 
The  carbonates  of  baiyta,  linie,  magnesia,  manganous  oxide,  zinc-oxide, 
and  cupric  oxide,  likewise  precipitate  ferric  oxide  completely,  even  at 
ordinaxy  temperatures;  any  ferrous  oxide  that  may  perchance  he  present 
remains  dissolved,  unless  the  liquid  is  heated  to  the  boiling  point.  (Fuchs, 
JSchw.  62,  184;  v.  Kobell.  J.  pr.  Chem.  1,  80.)  Carbonate  of  strontia  acts 
in  the  same  manner.  (Demar^ay,  Ann.  Pharm.  11,  240.) — Phosphate  of 
soda  throws  down  white  phosphate  of  ferric  oxide  (even  to  the  fifteen- 
hundredth  degree  of  dilation:  Pfaff)  which  turns  brown  when  treated 
with  ammonia,  and,  if  the  phosphate  of  soda  is  in  excess,  dissolves  in 
ammonia,  forming  a  red-brown  solution. — Arseniate  of  soda  throws 
down  white  arseniate  of  ferric  oxide  (even  when  the  solution  is  diluted 
20,000  times  :  PfaJ),^A  solution  of  ferric  hydrochlorate  mixed  with 
acetate  of  soda  or  formiate  of  potash,  deposits  the  whole  of  the  iron,  on 
boiling  m  the  form  of  a  precipitate  which  re-dissolves  as  the  liquid  cools, 
or  on  being  washed  with  cold  water.  (Liebig,  Ann.  Pharm.  17,  51.)— 
tvl  '1  ;^^'°^^«  f  °<1  benzoates,  give  a  light  reddish-brown  precipi- 
^^j;i^  ^^'r  ?5**?  ^''P  *"  **^^  ^2.^^^^  ^^Sree  of  dilution  :  Ffaf),  provided 
no  excess  of  acid  is  present-Tincture  of  galls  imnarts  a  bluish-black 


tion  a Trernish  bloT  on?  V^\l^^'  ^^  ^"^°  '^  ^^^>^^  Vt^'  o^  the  sola- 

Sur\^p7e:r:^^^^^  l^^^TlZll'  %^-^^\^^^^^^ 

attained  when  I  i»rt  J  flJ?-      -i"  J.^o^"*)     The  limit  of  the  reaction  is 

in  30o!SoO  pariTthe  Xfon  'rS"  ^  T'  "^^f 'P^ate)  is  contained 
iron-ealt  contains  «,  ex^  of  o  •«  1^  .1*'^'  J- pr.  C/u^.  22,  5\.)  If  the 
takes  place  unlew  aceta^f  1  *  \  ^  the  stronger  acids,  no  precipitation 
dissolvV^L  hX<^M.r.^  of  potash  ,8  aJdedj  the  bluish-black  precipitate 
the  ad^'tion  o/a^Sl  01":?;^  *?"*  ''*=^"''«''  *  ^'^'^  purple-red^colour  on 

mewnatwL^i^  a  briX  ^  ^  ?^  »mn,onia._Meconic  icid  and  alkaline 
**"  a  onghtred  colour  to  ferric  salt. Allr.i:— !-i:-.„*-*-_ 
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produce  the  same  effect  (Pfaff);  so  likewise  does  free  indigotic  aoid.  (Gm.) 
Hydrosulphocjranic  acid  and  soluble  sulphocyanides  impart  a  blood-red 
colour  to  concentrated  solutions  of  ferric  salts,  and  a  redrlish-yellow  to 
dilute  solutions.  This  colouring  is  produced  in  solutions  of  sesquichloride 
of  iron  to  tbo  20,000th  degree  of  dilution.  (Pfaff.)  1  part  of  iron  in  the 
form  of  sesquichloride  dissolved  in  25,000  parts  of  water  exhibits  a  red 
colour;  in  200,000  pts.  an  orange;  in  800,000  a  very  pale  orange;  and  in 
1,600,000,  a  scarcely  perceptible  yellow.  Hydrosulphocyanic  acid  is 
therefore  the  most  delicate  of  all  tests  for  ferric  salts.  (Roth.)  The 
colouring  is  not  destroyed  by  hydrochloric  acid  unless  the  acid  is  in  very 
great  excess. — Ferrocyanide  ot  potassium  added  to  ferric  salts  throws 
down  Prussian  blue.  The  effect  is  apparent  to  the  100,000th  degree  of 
dilution  (Pfaff);  with  1  pt.  of  ferric  oxide  (in  the  form  of  sulphate)  dis- 
solved in  420,000  pts.  of  water.  (Hartig,  J,  ;^r.  Chem.  22,  51.) — The  pre- 
cipitate is  insoluble  in  hydrochloric  acid.—  Oxalic  acid  produces  a  yel- 
lowish colour  in  ferric  salts,  but  without  precipitation. — All  ferric  salts 
which  are  not  soluble  in  water  either  dissolve  in  hydrochloric  acid  or  are 
decomposed  by  it.  They  are  not  soluble  in  solution  of  sal-ammoniac 
(Brett.) 

IT  Ferric  salts  are  reduced  to  the  state  of  ferrous  or  ferroso-ferrio 
salts  by  many  vegetable  substances,  e,  g,  fresh  grass,  the  green  branches 
of  trees  and  shrubs,  hay,  wood-shavings,  saw-dust,  peat,  and  coal 
effect  the  reduction  at  ordinary  temperatures;  sugar,  starch,  gum,  alcohol, 
turpentine,  and  shreds  of  paper,  at  a  boiling  heat.  (Stenhouse,  Ann, 
Fharm,  51,  284.)  IT. 

Ferric  Acid.    FeOM 

Known  only  in  combination  with  certain  bases,  as  potash,  soda,  and 
baryta,  with  which  it  forms  red  salts  (see  these  salts,  especially  FerraU  of 
potcuk). 

Iron  and  Hydrogen. 

FerrureUed  Hydrogen  Gas  ? — Hydrogen  gas  prepared  by  dissolving 
iron  in  dilute  sulphuric  acid  contains  a  small  quantity  of  iron,  which  it 
deposits  after  a  while  on  the  sides  of  the  containing  vessel  in  the  form  of 
a  brown  powder.  (Thomson,  St/slem  of  Cheniistry.) — If  the  gas  evolved 
on  dissolving  iron -wire,  filings,  or  nails  in  dilute  hydrochloric  or  sulphuric 
acid,  be  passed  through  four  bottles  filled  with  potash-solution,  and  through 
a  tube  filled  with  asbestos,  in  order  to  retain  any  iron  salt  mechanically 
carried  over,  it  still  retains  iron  and  a  small  quantity  of  phosphorus, 
although  when  passed  through  re-agents  for  detecting  iron,  it  exhibits  none 
of  the  usual  characteristics.     It  must  be  regarded  as  hydrogen  gas  con- 
taining small  quantities  of  ferruretted  and  phosphuretted  hydrogcn.--It 
has  a  metallic  odour,  likewise  resembling  that  of  garlic.     When  ignited 
at  the  orifice  of  a  tube,  it  burns  with  a  flame  which  is  yellow  at  the  cir« 
cumference  and  green  in  the  interior,  and  deposits  rusty  brown  and  otteu 
iridescent  spots  on  a  porcelain  capsule  held  before  it;  the  gas  prepared 
with  hydrochloric  acid  deposits  these  spoU  more  a;^"°^«?y,^*^^''r^ 
obtained  with  sulphuric  acid.     The  spoU  disappear  ^^^^^^Si^T  ^uV 
rine  gas,  and  dissolve  in  nitric  a^id,  forming  a  ferric  «jl*;^^/\;^"A  ^^^''^^C 
acid  througli  which  the  gas  has  been  passed  for  some  hours,  is  found  to 
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contain  smsM  qnantities  of  ferric  oxide  and  phosphoric  acid.  ^  Aqneons 
chlorine,  iodine,  and  bromine  decompose  the  gas,  and  take  from  it  a  small 
quantity  of  iron.  From  aqueous  solutions  of  mercurous,  silver,  and  gold 
salts,  the  gas  precipitates  the  respective  metals.  When  passed  through  a 
solution  of  corrosive  sublimate,  it  throws  down  a  white  or  yellowish-wliite 
precipitate,  and  afterwards  bums  with  a  pale-yellowish  flame,  with(»nt 
depositing  spots  upon  porcelain. — The  gas  obtained  with  English  steel- 
wire  is  somewhat  different.  Its  odour  is  more  empyreumatic,  but 
metallic,  and  not  all  like  garlic  [probably  because  it  contains  no  phos- 
phorus]. It  bums  with  a  yellow  flame  without  any  mixture  of  green, 
forms  fewer  spots  on  porcelain,  and  these  spots  have  more  of  the  metallic 
appearance  of  iron.  The  burnt  odour,  which  perhaps  arises  from  the 
presence  of  a  hydro-carbon,  is  not  destroyed  by  washing  the  gas  with  a 
solution  of  corrosive  sublimate  or  silver-nitrate.  (Dupasquier,  Compt.  rend. 
14,  511;  also  N.  J.  Fharm.  1,  391;  also  J.  pr.  Chem.  26,  184.)—^  Ac- 
cording to  Schlossberger  &  Fresenius  (^Ann.  Fkarm.  51,  413),  the  spoUj 
which  this  so  called  ferruretted  hydrogen  deposits  on  a  porcelain  plate 
contain  not  a  trace  of  iron,  but  consist  of  certain  compounds  of  phosphorus, 
most  probably  phosphoric  oxide  mixed  with  phosphoric  acid  ;  they  vola- 
tilze  with  tolerable  facility,  are  insoluble  in  hydrochloric  acid,  but  soluble 
in  aqua-regia.  The  gas  from  which  these  spots  were  obtained  was  purified 
by  passing  through  two  w^ash-bottles  containing  distilled  water,  and  then 
through  a  tube  4  feet  long,  half  filled  with  moist  and  half  with  dry  cotton. 
When  the  gas  thus  purified  was  passed  through  a  solution  of  corrosive 
sublimate,  it  threw  down  a  copious  yellowish- white  precipitate,  which 
was  found  to  contain  mercury,  chlorine,  phosphorus,  and  sulphnr,  but 
not  the  smallest  quantity  of  iron.  Hence  the  authors  conclude  that  the 
gas  evolved  by  the  action  of  dilute  sulphuric  or  hydrochloric  acid  upon 
iron  is  mixed  with  small  quantities  of  phosphuretted  and  sulphuretted 
hydrogen,  which  produce  the  reactions  just  mentioned,  but  is  perfectly 
free  from  iron,  and  consequently  that  iJu:  existence  of  ferruretted  hydrogen 
is  not  established.  ^ 


Iron  and  Carbon. 

A.  Carbide  of  Iron. — Iron  enters  into  combination  with  carbon  : 
1.  In  the  reduction  of  iron-ores  by  excess  of  carbon  at  a  heat  reaching  to 
the  melting  point  :  Cast-iron,  Iron-assays.  2.  When  iron  is  fused  in 
contact  with  charcoal  or  diamond.  A  small  well-closed  iron  crucible 
containing  a  diamond,  and  inclosed  in  two  well-covered  earthen  crucibles, 
fused  together  with  the  diamond  at  the  heat  of  a  blast-fiirnace,  and 
was  converted  into  steel.  (Morveau  &  Clouet,  Scher.  J.  4,  170;  also  Gilb. 
3,  Go;  Mackenzie,  Scher.  J,  5,  366.)  Charcoal  or  grapliite  acts  upon  iron 
in  the  same  manner. — 3.  Iron  ignited  slowly,  and  only  to  the  softening 
point,  in  contact  with  carbonaceous  matter,  takes  up  carbon,  which,  gra- 
dually penetrating  from  without  inwards,  converts  the  iron,  first  into  steel, 

and  then  into  a  compound  similar  to  cast-iron  :  — Cementation  of  iron. 

If  the  ignition  is  not  continued  long  enough  to  complete  the  process,  a 
nucleus  of  softer  iron  remains  in  the  middle  — This  union  of  iron  with 
carbon  takes  place  when  the  iron  is  surrounded  with  vegetable  or  animal 
chaicoal,  with  coal-gas,  and  even  with  cast-iron.  Iron  surrounded  with 
csast-iron  turnings  is  converted  into  a  steel  at  a  lower  red  heat  than  when 
if  is  immersed  in  charcoal  powder.     Graphite  under  the  same  circum- 
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stances  does  not  form  steel.  (Gaultier,  J.  Pharm,  13,  18.)  An  iron-wire 
iinmersed  in  melted  cast-iron,  which  is  kept  at  a  red  heat  for  four  hours 
after  solidification,  is  found  to  be  converted  into  steel.  (Degen.) 

The  outermost  layer  of  iron  takes  up  the  carbon  with  which  it  is  in 
contact,  transfers  it  to  the  next  layer,  and  so  on,  till  the  carbon  is  disse- 
minated throughout  the  whole  mass.  In  a  similar  manner,  iron  rich  in 
carbon  is  converted  by  ignition  in  contact  with  air,  e,  g,  in  the  retning 
process — ^into  wrought-iron,  although  the  air  does  not  come  in  contact 
with  all  the  particles ;  the  carbon,  in  fact,  travels  from  within  outwards 
till  equilibriuui  is  established.  (Berzelius,  JaAresber,  18, 160.) — The  atoms 
of  iron  which  have  combined  with  carbon  at  the  surface,  turn  half-round, 
give  up  their  carbon  to  the  iron-atoms  immediately  within,  take  up 
another  portion  at  the  surface, — and  so  on,  till  the  two  substances  have 
penetrated  one  another  completely.  At  a  red  heat,  the  iron  is  sufficiently 
softened  to  allow  this  rotation  of  the  atoms.  (Becquerel.)  Degen  likewise 
admits  the  probability  of  a  ^Ivanic  movement  of  this  kind. — Lepiay  & 
Laurent  suppose  that  the  carbonization  of  the  iron  is  due  to  the  action  of 
carbonic  oxide  gas,  which  is  produced  by  the  ignition  of  the  charcoal,  and 
penetrates  the  softened  metal,  giving  up  part  of  its  carbon  to  the  iron,  and 
being  thereby  ctmverted  into  carbonic  acid  gas.  At  all  events,  they  found 
that  when  charcoal  and  iron  placed  in  two  separate  little  porcelain  boats, 
were  heated  to  whiteness  in  a  porcelain  tube,  the  iron  was  converted  into 
steel  containing  0*7  per  cent,  of  carbon ;  nevertheless,  they  admit  that 
this  effect  might  be  due  to  the  carburetted  hydrogen  gas  evolved  from  the 
charcoal,  especially  as  no  carbonization  of  the  iron  took  place  if  the 
charcoal  had  been  very  strongly  ignited  before  the  experiment,  or  when 
pure  carbonic  oxide  was  passed  over  red-hot  iron. — More  recently  Laurent 
has  put  forth  the  view,  that  the  carbon  volatilizes  at  the  cementing  heat, 
and  penetrates  the  iron  in  the  form  of  ^'apour ;  and  moreover,  that  the 
carburetted  hydrogen  gas  evolved  from  fresh  wood-oharcoal,  and  the 
cyanogen  evolved  from  animal  charcoal,  may  likewise  contribute  to  the 
carbonization  of  the  iron.  {Ann.  Chim,  Fhy$.  65,  403  and  417;  also 
t/.  pr.  Clwn.  13,  284  and  295.)  The  observations  which  Laurent  adduces 
in  favour  of  this  theory,  do  not,  however,  establish  the  volatilization  of 
carbon  at  so  low  a  red-heat;  and  eron  if  carbon  vapour  were  produced, 
the  carbon  would  be  deposited  from  it  only  on  the  surface  of  the  iron,  and 
could  not  penetrate  the  metal  in  the  gaseous  form  :  for,  Laurent's 
assumption  thai  iron  when  softened  by  ignition  is  permeable  to  gases,  is 
contradicted  by  the  fact  that  bubbles  are  produced  in  the  interior  of  the 
iron  during  cementation — consisting  of  carbonic  oxide  gas  formed  in 
places  where  the  carbon,  as  it  penetrates  the  iron,  comes  in  contact  with 
scale-oxide — and  these  bubbles  are  unable  to  escape  through  the  pores  of 
the  iron.  (Degen,  Ann.  Fhajin.  29,  2 SI.) 

According  to  Karsten's  observations,  carbon  appears  to  exist  in  com- 
bination with  iron  in  three  different  ways  :  1.  Combined  with  the  whole 
of  the  iron  (iron  completely  saturated  with  carbon  at  the  melting 
point  appears  to  be  Fe*C);  -  2.  Combined  with  part  of  the  carbon,  forming 
ter-carbido  of  iron,  FeC,  which  compound  is  diffused  throughout  the  rest 
of  the  iron; — 3.  In  the  free  state,  forming  laminne  of  graphite, — being,  in 
fact,  carbon  free  from  iron,  separated  by  slow  cooling  from  a  mass  of  iron 
saturated  with  carbon  at  the  melting  heat. — The  more  quickly  iron  com- 
bined with  carbon  is  cooled  aft«r  fusion  or  ignition,  the  greater  is  the 
quantity  of  carbon  which  remains  combined  with  the  whole  of  the  iron;  the 
slower  the  cooling,  the  greater  is  the  quantity  of  FeC  produced, — and  if 
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the  iron  has  been  more  f ally  satarated  with  carbon  at  the  melting  point — 
as  in  the  case  of  cast-iron — the  srreater  is  the  amount  of  carbon  which 
separates  completely  in  graph ite-laminsB.  Hence,  the  properties,  and  m 
particular,  the  hardness  of  carburetted  iron,  depend  not  merely  on  the 
proportion  of  carbon,  but  more  especially  also,  on  the  peculiar  manner  in 
which  that  substance  is  combined  with  it.  The  greater  the  quantity  of 
carbon  in  combination  with  the  whole  of  the  iron,  the  harder  is  the 
compound,  and  the  more  completely  does  it  resist  rusting  and  the  action 
of  acids. 

The  three  states  of  the  carbon  in  carburetted  iron  may  be  distin- 
guished by  the  appearances  presented  on  treating  the  compound  with 
acids :  ^ 

1.  Carbon  in  combination  with  the  whole  of  the  iron.  During  the 
solution,  especially  of  rapidly- cooled  steel  and  white  pig-iron,  an  offensive 
kind  of  hydrogen  gas  containing  carbon  is  evolved,  and  a  volatile  oil  and 
a  brown  mouldy  substance  are  produced.  The  hydrogen  gas  derives  its 
carbon  and  its  odour  principally  from  the  volatile  oil,  part  of  which, 
however,  remains  behind  with  the  mould,  and  is  not  completely  expelled 
till  after  long  boiling  with  the  acid.  [Whether  the  hydrogen  gas  likewise 
contains  carbon  in  another  form  of  combination—^,  g.  as  marsh-gas,  as  is 
aometimes  supposed — is,  in  my  opinion,  not  established  by  any  definite 
experiment;  on  the  other  hand, according  to  Proust  (iV.  GeMy  3, 395)  I  volume 
of  the  gas  evolved  by  cast-iron,  although  heavier  than  air,  consumes  only 
half  a  volume  of  oxygen  when  detonated  with  2  volumes  of  that  gas, — pro- 
bably because  the  oily  vapour  remains  unbumt.]  The  mould  forms  a  black- 
brown  porous  mass,  which  after  washing  and  drying,  dissolves  in  potash, 
forming  a  black-brown  solution,  and  when  heatea,  bums  with  an  odour  of 
peat,  without  leaving  any  ferric  oxide.  The  formation  of  the  oil  appears 
to  depend  upon  this  circumstance,  that  while  the  iron  combines  with  the 
oxygen  of  the  water,  part  of  the  hydrogen,  while  in  the  nascent  state 
unites  with  a  portion  of  the  carbon  which  was  in  combination  with  the 
whole  of  the  iron,  and  produces  the  oily  substance.  In  the  formation 
of  the  mould,  not  only  hydrogen  from  the  water,  but  likewise  a  portion 
of  the  water  itself  (or  its  elements)  appears  to  unite  with  another  part  of 
the  carbon  which  was  combined  with  the  whole  mass  of  iron,  and  thereby 
oonvert  it  into  mould. — ^When  nitric  acid  or  aqua-regia  is  made  to  act  on 
hardened  steel  or  white  pig-iron,  no  oil  is  formed,  and  instead  of  the 
black-brown  mould,  a  red-brown  substance  of  similar  character  is  formed, 
which  partly  dissolves  in  the  nitric  acid  liquid,  imparting  to  it  a  brownish- 
yellow  colour.  This  red-brown  mould  is  probably  distinguished  from  the 
black-brown  by  containing  one  of  the  oxides  of  nitrogen,  and  perhaps 
also  by  a  larger  proportion  of  oxygen. 

2.  FeC.  When  dilute  sulphuric  or  hydrochloric  acid  acts  upon 
slowly  cooled  bar-iron  (which  always  retains  a  small  portion  of 
carbon)  or  on  slowly  cooled  steel  or  on  grey  pig-iron — the  action  not 
being  allowed  to  go  on  too  long — there  remains  (besides  the  mould,  which 
may  be  dissolved  out  by  caustic  potash),  a  graphite-like,  but  magnetic 
mass,  which,  if  burnt  after  washing  and  dr3nng,  leaves  from  82  to  94  per 
ceot.  of  ferric  oxide,  and  is  probably  therefore  FeC.  (Karsten.) 
[FeC=  27 +18=45;  consequently  100  parts  of  it  contain  60-87  per 
cent,  of  iron,  and  these  yield  86*96  p.  c.  of  ferric  oxide.]  Bromeis 
doubts  the  existence  of  FeO*  in  carburetted  iron;  at  all  events,  he  remarks, 
when  this  carburetted  iron  is  dissolved  in  acids,  the  residual  graphite 
often  contains  very  variable  quantities  of  iron;   sometimes,  however. 
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becaase  the  action  of  the  acid  has  not  been  continaed  long  enough; 
sometimes  from  admixture  of  phosphide  or  silicide  of  iron  with  the 
graphite.  But  why  should  the  graphite,  in  which  the  presence  of  iron  is 
stated  to  be  merely  accidental,  be  converted  by  the  continued  action  of 
hydrochloric  acid  into  black-brown,  and  of  nitric  acid  into  red-brown 
mould  ? 

3.  Graphite,  Remains  undissolved,  together  with  FeC,  when  grey 
pig-iron  is  dissolved  in  acids.  —  In  consequence  of  the  separation  of 
mould,  FeC^  and  graphite,  a  dark  spot  is  produced  upon  carburetted  iron 
by  the  action  of  acids,  especially  of  nitric  acid. 

a,  Bar-4r<m,  Refined  Iron,  Malleable  Iron,  Wrottght  Iron. — All  iron 
maffufactured  on  the  large  scale  contains  a  certain  portion,  not  exceeding 
O'b  per  cent,  of  carbon,  which  gives  it  greater  solidity  and  thereby 
renders  it  better  adapted  for  the  majority  of  purposes.  Dumt  Bar-iron 
is  the  only  variety  that  is  free  from  carbon.  Soft  bar-iron  contains  less 
than  hard.  Bar-iron  is  distinguished  from  steel,  which  is  richer  in 
carbon,  by  not  becoming  brittle  or  sensibly  harder  when  rapidly  cooled 
in  water  after  ignition. 

In  very  dilute  hydrochloric  or  sulphuric  acid,  bar-iron  dissolves  very 
slowly,  leaving  black,  magnetic,  graphite-like  FeC-*,  which  is  converted 
by  nitric  acid  into  brown  mould,  takes  fire  even  below  a  red- heat,  and 
bums  without  leaving  a  residue. —Stronger  sulphuric  acid  leaves  traces 
of  easily  inflammable  charcoal.  Strong  hydrochloric  acid  dissolves  bar- 
iron  without  leaving  any  residue.  [Is  all  the  carbon  evolved  in  this  case 
in  the  form  of  oil  ]J — Cold  and  very  dilute  nitric  acid  forms  red-brown 
mould,  which  dissolves  on  the  application  of  heat,  imparting  a  brown 
colour  to  the  liquid.  (Karsten.) 

Analyses    of  Bar-iron,      According    to    Gray-Lussac    and    Wilson 

{N,  QuaH,  J.  of  Sc.  7,  203;  also  Jahre^r.  11,  128). — a.  Best  bar-iron 

from  Sweden. — 6.    The   same. — c.    Bar-iron  from   Creusat. — d.    From 

Champagne. — e.  From  Berry. — f.  Cold-short  bar-iron  from  Moselle.    In 

100  parts: 

a.  b.  e,  d.  e.  f, 

C  0-293  ....  0-240  ....  0*159  ....  0-193  ....  0-162  ....  0-144 

P  0-077  ....  trace  ....  0*412  ....  0210  ....  0177  ....  0510 

Si      trace  ....  0-025  ....  trace  ....  0-015  ....  trace  ....  0*070 

Mn   trace  ....  trace  ....  trace  ....  trace  ....  trace  ....  trace 


Amtmnt  of  Carbon  in  Bar-iron.  a.  Soft. — 6.  Hard.— c.  d,  e.  Three 
different  varieties,  produced  from  white  pig-iron  by  the  Swabian  method 
of  refining.—/,  g,  h.  Three  varieties  produced  from  various  kinds  of  pig* 
iron  by  the  Magdesprung  method  of  refining.  The  samples  c  to  ^  are 
from  the  Bernbnrg  works.     In  100  parts: 

Kanten.  Bromei§. 

a.  b,  c.  d,  €,  f,  g.  h. 

Combined  C  0*238  ....  0354  ....  0*38  ....  0*104  ....  0237  ....  0*66 

Free  C 0*080  ....    trace  ....  0*02  ....  0*220  ....  0'260  ....  trace 

Totol 0*2  ....  0*5  ....  0*318  ....  0*354  ....  040  ....  0324  ....  0*497  ....  066 

Bromeis  {Ann.  Pharm,  43,  241)  determined  the  total  amount  of  carbon 
by  burning  with  chromate  of  lead  or  chlorate  of  potash;  the  free, 
mechanically  combined  carbon  or  graphite  was  estimated  by  dissolving 
the  bar-iron  in  hydrochloric  acid  and  determining  the  quantity  of  carbon 
contained  in  the  insoluble  residue.     [Coidd  graphite  really  be  obtained 
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from  bar-iron   containing  so  email  a  quantity  of  carbon,  or  did  tbe 
insoluble  residue  not  rather  consist  of  Kaisten's  FeC^?] 

h.  Steel,  Preparation. — 1.  Rough  Steel,  Refinery  Steel,  Natural  Steel, 
{FrisckstaJil,  Ro/tstahl,  Naturlicher  Stakl.)  The  iron  from  which  rough 
steel  is  made,  is  pig-iron  containing  but  few  foreign  admixtures  besides 
carbon  and  manganese.  It  is  refined  by  exposure  to  the  blast  under 
charcoal,  as  in  the  refining  of  iron;  but  the  oxidation  is  stopped  at  a  less 
advanced  stage,  so  that  the  foreign  metals,  and  th  )se  only,  may  be 
almost  completely  oxidized,  while  a  portion  of  the  carbon  may  remain 
nnbarnt  ana  in  combination  with  the  iron.  As  soon  as  the  mass  becomes 
somewhat  malleable,  it  is  formed  into  flat  bars  under  a  series  of  hammers 
Gontiuually  diminishing  in  size.  To  obtain  a  uniform  distribution  of  the 
carbon,  the  plates,  after  being  cut  into  lengths  and  made  up  into  bundles^ 
are  welded  together  and  then  formed  into  ^rs:  Sliear-steel.  {Gerbstahl,) — 
2.  har-steel,  CemeTUation-steel,  Very  pure  bar-iron  in  the  *brm  of  thin  bars 
is  enclosed  in  boxes,  troughs  or  pots  filled  with  charcoal  powder,  and  k^'pt  at 
a  red-  heat  for  5  to  8  days.  The  carbon  gradually  penetrates  the  iron ;  where 
it  meets  with  scale- oxide,  it  forms  carbonic-oxide  gas  and  raises  tbe  iron 
in  blisters :  Blistered  steel.  If  the  cementation  is  continued  too  long,  the 
metal  fuses  together  and  forms  cast-iron.  (Buttery.)  Or  coal  gas  is 
passed  over  bars  of  iron  heated  to  redness  in  a  cast-iron  tube  coated  with 
clay,  whereby  carbon  is  transferred  from  the  gas  to  the  metal.  When  a 
sofficient  quantity  of  charcoal  has  entered  into  combination  with  the  iron^ 
the  Ignition  is  continued  for  some  time  longer,  withoat  passing  any  more 
gas  over  the  metal,  in  order  that  the  carbon  may  diffuse  itself  uniformly, 
if  the  gas  is  allowed  to  act  too  long,  the  steel  fuses  into  cast-iron. 
(Mackintosh,  «/•  pr.  Chem.  2,  333.)— 3.  Cast-steel.  Bar-steel  is  fnsed 
under  a  layer  of  ponnded  glass,  sometimes  without  charcoal  (Buttery, 
Schw,  35,  339),  sometimes  with  1  or  2  per  cent,  of  charcoal  added.  In 
this  process,  the  steel  probably  takes  up  small  portions  of  aluminum  and 
silicium  from  the  crucible. — 4.  Iron  fused  at  an  intense  heat  with  2  per 
cent,  of  lamp-black  yields  good  steel.  (Breant,  Ann.  Chim.  Phys.  24,  388; 
also  ^c^ii^.  40,  295.) — 5.  The  Indian  Steel  or  fFoo^,  which  is  distinguished 
by  extraordinary  hardness,  and  by  the  damasked  surface  which  it 
acquires  when  acted  upon  by  acids,  is  said  by  Faraday  and  Stodart  {Gilb, 
66,  169)  to  contain  very  small  quantities  of  aluminum  and  sometimes 
also  of  silicium,  and  may  be  imitated  by  fusing  the  carburettetl  iron  d 
(p.  217)  with  alumina,  and  then  fusing  I  part  of  the  carbide  of  iron  and 
aluminum  thus  obtained  with  from  8  to  17  parts  of  cementation-steel. 

Properties, — Somewhat  whiter  than  iron.  When  red-hot  or  melted 
steel  is  slowly  cooled,  it  becomes  soft,  though  somewhat  harder  than  iron, 
and  exhibits  a  granular,  indented,  and  somewhat  shining  fracture.  The 
tenacity  of  slowly  cooled  steel  is  to  that  of  bar-iron  nearly  as  13  :  10. 
Its  granular  texture  is  not,  like  that  of  iron,  converted  into  the  fibrous 
by  rolling  and  hammering.  (Karsten.)  The  fractnre  of  unhardened  steel 
is  fine-grained;  that  of  steel  which  has  once  been  re-melted/)^r«f,  but  not 
hardened,  is  still  fine-grained  and  whiter  than  before.  (Klsner.)  On  the 
contrary,  when  red-hot  or  melted  steel  is  suddenly  cooled,  as  by  immersion 
in  water — which  process  is  called  Hardening — it  becomes  much  harder, 
more  elastic,  and  more  brittle  than  iron,  the  hardness  increasing  with  the 
proportion  of  carbon.  The  fracture  of  hardened  steel  is  more  lustrous,  con- 
choidal,  and  smooth,  and  of  a  lighter  colour,  but  still  appears  fine-grained 
when  examined  with  a  magnifier.     Notwithstanding  its  great  hardness 
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it  may  be  cut  through  by  a  rapidly  rotating  soft  iron  disc,  because  the 
iJBltter  becomes  less  strongly  heated.  W'hen  steel  is  hardened  after 
too  strong  ignition,  it  exhibits  a  coarse-grained  fracture,  and  has  but 
little  hardness  or  tenacity.  ( Karsten .)  The  fracture  of  hardened  cast- 
steel  is  very  fine-grained;  that  of  cast-steel  which  has  been  once  re-melted 
and  hardened  is  very  dense  and  uniform.  (K.lsner,  J.  pr,  Chem.  lO,  1 10.) 
Hardened  cast-steel  is  harder  than  other  kinds  and  takes  a  better  polish. 

Hardened  steel  when  heated  to  redness  and  slowly  cooled,  is  recon- 
verted into  soft  steel.  Hence  by  alternate  exposure  to  quick  and  slow 
cooling  after  ignition,  steel  may  be  rendered  cither  hard  or  soft.  When 
hardened  steel  is  raised  to  a  temperature  short  of  redness,  it  loses  so 
much  the  more  of  its  hardness  and  brittleness  and  approaches  so  much 
the  more  nearly  to  unhardened  steel  as  the  temperature  is  higher: 
Tempering  of  Steel. — According  to  Karsten's  view,  the  hardness  of 
rapidly  cooled  steel  arises  from  the  carbon  which  it  contains  being  com- 
bined with  the  whole  of  the  iron.  When,  on  the  contrary,  the  steel  is 
slowly  cooled,  the  greater  portion  of  the  carbon  unites  with  a  portion 
only  of  the  iron  and  forms  FeC^,  which  remains  intimately  mixed  with 
iron  containing  less  carbon  and  therefore  soft.  It  is  only  when  steel  is 
very  rich  in  carbon  that  a  portion  of  that  element  probably  separates  out 
in  the  form  of  graphite,  on  slow  cooling. 

Specific  gravity  of  ordinary  steel,  7*705;  of  hardened  cast-steel, 
7'657«;  of  cast-steel  not  hardened,  79288;  of  cast-steel  which  has  l)een 
once  re-melted  per  se — in  the  hardened  state,  7*647 — in  the  unhardened 
state,  80923  (Eisner);  of  Wooz,  7"665.  (Faraday  cS:  Stodart.)— Hardened 
cast  steel  fuses  at  2402"*  C;  softer  cast-steel  at  2o31^.  (Degen.)  The 
heat  at  which  steel  can  be  welded  is  lower  than  the  welding  heat  of  bar- 
iron;  the  melting  point  of  steel  is  also  much  lower  than  that  of  bar- iron, 
but  higher  than  that  of  cast-iron,  being,  in  fact,  lower  as  the  proportion 
oT  carbon  is  higher.  Many  kinds  of  steel  cannot  be  welded,  because 
their  melting  point  is  too  close  to  the  temperature  required  for  welding. 
(Karsten.)  Cast-steel  cannot  be  welded  with  iron,  because  at  the 
welding  heat,  it  crumbles  under  the  hammer,  like  sand;  nevertheless  it  is 
by  no  ineaitS  more  fusible  than  cementation-tteel.  (Buttery.) — Steel 
acquires  the  magnetic  power  less  easily  than  iron,  but  retains  it  much 
more  btrougly. 

Amount  of  carbon  in  Steel,  in  100  parts  :  Rough  Steel  1*25... 2  3 
(Karslen); — softest  bar-steel  approaching  most  nearly  to  bar-iron,  at  least 
0-y  (Karsten); — harder  bar-steel  IS...  1-75  (Karsten); — white  bar-steel 
from  Elberfeld,  0496  (0  416  combined,  0*80  in  the  form  of  graphite,  vid* 
p.  204)  (Bromeis); — English  bar-steel  1  87  (and  0*1  silicium)  (Berthier); 
— cast-steel  1-65  (and  t»l  silicium)  (Berthier); — soft  Engli.«sh  cast-steel 
0*833; — ordinary  1*0; — harder  I'll; — hardest  1*67  (Mushet); — best  cast- 
steel  from  Shcltield  170  (095  combined,  022  free  [there  is  an  error  in 
these  numbers])  (Bromeis); — Rhenish  cast-steel  1*267  (ri57  combined, 
0-110  free)  (Bromeis);— cast-steel  2*8  to  30  (Karsten);  cast-steel  1-758; — 
the  same  after  being  once  re-melted  prr  se  in  a  covered  crucible  1-5776 
(Bottger  &  Eisner);  —  Hausmann's  steel  1*33  (and  005  silicum)  (Ber- 
thier);— Wooz  1*5  (and 0*6  silicium)  (Berthier). — According  to  Clouet,  steel 
contains,  on  the  average,  3*1  per  cent,  of  carbon;  according  to  Vauquelin, 
0  71.  In  French  steel,  Vauquelin  likewise  found  small  quantities  of  sili- 
cium and  phosphorus.  Gay-Lussac  &  WiUon  (N.  Quart.  J.  ofSc.  7,  204) 
found  in  the  best  English  cast-steel,  prepared  from  Swedish  iron,  0*625 
per  cent,  carbon,  0*03  silicium,  and  a  trace  of  manganese;  in  cast-steel  from 
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Is^re,  0*651  p.  c.  carbon,  with  traces  of  siliciQm  and  manganese;  in  the 
best  French  cast-steel,  0.654  carbon,  0*04  siliciam,  and  traces  of  man- 
ganese; and  in  French  cast-steel,  second  quality,  0'936  p.  c.  carbon,  0*08 
silicum,  and  traces  of  manganese. 

The  smaller  the  quantity  of  carbon  in  steel,  the  more  does  it  resemble 
hard  bar-iron;  the  greater  the  quantity,  the  more  nearly  does  it  approach 
to  pig-iron, — to  white  pig-iron  in  the  hardened  and  to  grey  pig-iron  in 
the  unhardened  state.  (Karsten.)  IF  Iron  containing  from  0*5  to  0*65 
per  cent,  of  carbon  may  be  regarded  as  very  soft  steel.  As  the  propor- 
tion of  carbon  increases,  the  steel  acquires  greater  hardness  and  tenacity. 
When  the  proportion  of  carbon  is  equal  to  1*4  or  1*5  per  cent.,  the  limit 
appears  to  be  attained  at  which  the  steel,  after  hardening^  possesses  the 
greatest  degree  of  hardness  and  likewise  of  tenacity.  As  the  amount  of 
carbon  increases  beyond  this  limit,  the  hardness  continually  increases, 
but  the  welding  power  and  the  tenacity  of  the  steel  diminish.  Steel  con* 
taining  1*75  per  cent,  of  carbon  is  but  little  adapted  for  welding,  with 
1*9  p.  c.  it  can  scarcely  be  welded  at  all,  and  with  2  per  cent,  of  carbon, 
it  crumbles  under  the  hammer  at  the  welding  heat.  In  this  state,  it 
might  be  regarded  as  cast  iron;  only  it  still  retains  its  extensibility  when 
cold,  and  has  not  yet  acquired  the  property  of  yielding  uncombined 
carbon  (in  the  form  of  graphite)  when  very  slowly  cooled  after  fusion. 
This  last  effect  is  produced  when  the  proportion  of  carbon  becomes  equal 
to  2 '25...  2  "3  per  cent.  This  proportion  maybe  regarded  as  fixing  the 
limit  between  steel  and  cast-iron,  so  far  as  that  limit  can  be  fixed  by  the 
mere  proportion  of  carbon.  (Karsten,  BericfUder  BerL  Akad.  Nov.  1846; 
abstr.  Ann.  Pharm.  60,  229.)  IT 

In  genuine  Wooz,  Faraday  found  0*1304  per  cent,  of  alumina 
(=0  0695  p.  c.  aluminum),  and  0*0652  silica  (=00316  silicium);  an- 
other sample  of  Indian  Steel,  which,  when  treated  with  acids,  assumed  an 
appearance  quite  difierent  from  that  of  real  wooz,  yielded  only  0*024 
p.  c.  alumina  (=0'13  aluminum)  and  no  silica. 

Steel  rusts  less  easily  than  bar-iron,  but  more  easily  than  cast-iron. 
When  heated  to  215°  in  the  air,  it  turns  straw- yellow,  then  deep  yellow,  then 
purple,  at  282"^,  it  assumes  a  violet,  then  a  dark  blue,  and  lastly  a  light  blue 
colour.  Since  these  several  colours  correspond  to  fixed  temperatures,  they 
are  of  use  in  determining  the  degree  of  softening  produced  in  the  tempering 
of  hardened  steel.  Graving  tools  are  tempered  only  to  the  light  yellow, 
knives  to  the  deep  yellow  or  red,  saws  to  the  violet,  watch-springs  to  the 
blue,  &c.  Steel  shows  colours  at  a  lower  temperature  than  iron,  lower  in 
fact  as  the  steel  is  harder  and  contains  more  carbon.  Hence,  if  any  parts 
of  a  piece  of  iron  or  steel  are  richer  in  carbon  than  the  rest,  these  spote 
may  be  known  by  their  showing  colour  sooner.  (Karsten.) — By  repeated 
exposure  to  a  red-heat  in  contact  with  air,  steel  is  converted  into  iron,  its 
carbon  being  burnt  away.  Steel  when  ignited  in  the  air  does  not  form 
scale-oxide  so  readily  as  bar-iron;  the  superficial  portions  first  give  up 
their  carbon,  and  are  converted  into  iron,  which  then  oxidizes.  The 
nucleus,  therefore,  still  consists  of  steel,  outside  of  which  is  iron,  and 
outermost  of  all,  scale-oxide.  The  complete  conversion  of  steel  into  bar- 
iron  by  repeated  working  at  a  red-heat  takes  place  more  quickly  with 
some  kinds  of  steel  than  with  others.  When  ignited  under  a  good  coat- 
ing of  welding-sand  (with  which  the  ferrous  oxide  produced  forms  a  crust 
of  fused  ferrous  silicate),  steel  remains  unaltered.  (Karsten.) — Dilute 
nitric  acid  placed  upon  steel  forms  a  black  spot,  and  separates  a  substance 
resembling  graphite.    Under  these  circumstances,  the  varieties  (4)  and  (5) 
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acqaire  a  damasked  surface, — ^probably  because,  in  addition  to  ordinary 
steel,  it  contains  a  more  highly  carbonized  or  aluminiferous  variety,  which 
crystallizes  in  solidifying,  and  by  continued  forging  is  yariously  dissemi- 
nated through  the  rest  of  the  steel;  and  this  latter  variety  being  less 
attacked  by  the  nitric  acid  remains  whiter  than  the  rest. — Perfectly  har- 
dened steel  immersed  in  cold  nitric  acid  of  specific  gravity  I  '8,  colours  it 
brown-red,  with  a  slight  evolution  of  nitric  oxide  gas,  and  gradual  sepa- 
ration of  black,  metallic-shining,  non-magnetic  flakes,  which  burn  without 
leaving  any  residue  of  ferric  oxide,  dissolve  in  caustic  potash  forming  a 
black-brown  solution,  and  by  continued  action  of  the  acid  are  converted 
into  a  brown-red  powder.  If  the  acid  is  heated,  the  same  effects  are  pro- 
duced, but  more  quickly  and  with  considerable  frothing.  (Karsten.) — 
Steel  which  has  not  been  hardened  dissolves  very  rapidly  in  strong  nitric 
acid,  imparting  to  it  a  brown-red  colour,  due  to  dissolved  mould,  part  of 
which  substance,  however,  remains  undissolved  in  the  form  of  a  brown-red 
powder.  Previously  to  the  formation  of  this  mould,  graphite-like  laminaa 
(probably  consisting  of  FeC)  are  separated,  and  these  when  burnt  leave 
from  82  to  94  per  cent,  of  ferric  oxide  (vid.  p.  205).  When  steel  which 
has  been  slowly  cooled  is  treated  in  this  manner,  the  laminsB  are  converted 
into  red-brown  mould,  at  the  very  moment  of  separation. — Soft  cementa- 
tion-steel dissolves  very  slowly  in  dilute  nitric  acid,  yielding  no  graphite- 
like  laminae,  but  only  red-brown  mould,  which  takes  fire  even  below  a  red- 
heat.  Cast-steel  dissolves  still  more  slowly.  (Karsten.) — Dilute  sul- 
phuric or  hydrochloric  acid  dissolves  steely  with  evolution  of  fetid  hydrogen 
^as  containing  an  oily  vapour,  and  separation  of  a  graphite-like  substance 
probably  FeC']  which,  by  continued  action  of  the  acid,  is  converted  into 
>lack-brown  mould. — Hardened  steel  immersed  in  dilute  sulphuric  acid 
becomes  covered  with  a  small  quantity  of  a  black  metallic  powder;  un- 
hardened  steel,  in  the  same  time,  with  eight  times  as  much  of  a  srey  powder, 
which  is  soft,  coherent,  and  may  be  cut  with  a  knife,  and  appears  to 
consist  of  carbide  of  iron, — inasmuch  as,  when  exposed  to  the  air,  it 
changes  colour  in  consequence  of  the  iron  becoming  oxidated.  By  con- 
tinued boiling  with  the  acid,  it  is  converted  into  a  black  powder  [mould] 
the  same  as  that  produced  by  hardened  steel.  This  substance,  when 
heated  in  the  air  to  temperatures  between  1 50^  and  200^,  burns  like 
a  pyrophorus,  emitting  a  large  quantity  of  smoke ;  at  higher  tempera- 
tures it  bums  like  asphaltum,  with  a  bright  flame,  leaving  a  residue  of 
ferroso-ferrio  oxide;  it  is  likewise  completely  soluble  in  boiling  nitric 
acid.  (Faraday  &  Stodart,  Gilb.  72,  256.) — Thoroughly  hardened  steel 
dissolves  very  slowly  in  dDute  sulphuric  or  hydrochloric  acid,  becoming 
covered  in  the.  course  of  a  few  days,  with  black-brown  mould,  which  is 
converted  by  nitric  acid  into  brown-red  mould.  Stronger  sulphuric  acid 
when  moderately  heated  also  leaves  a  residue  of  black-brown  mould,  but 
boiling  concentrated  sulphuric  acid  dissolves  the  steel  completely.  (Kar- 
sten.) [Does  the  whole  of  the  carbon  in  this  last  case  go  ofi*  in  the 
form  of  oil  or  of  gaseous  carburetted  hydrogen  ?] — Unhardened  steel 
exhibits  with  dilute  sulphuric  or  hydrochloric  acid  the  same  efiects  as 
wrought  iron;  excepting  that  it  dissolves  much  more  slowly,  and  leaves 
a  more  abundant  graphite-like  residue.  [FeC]  Stronger  sulphuric 
acid  dissolves  soft  steel  with  tolerable  rapidity,  causing  a  separation  of 
shining  laminaa  (FeC*)  which  are  afterwards  converted  into  black-brown 
mould.  (Karsten.)  If  the  acid  be  quickly  poured  off",  before  this  conver- 
sion has  proceeded  to  any  considerable  extent,  and  the  mould  already 
formed  be  extracted  with  caustic  potash,  magnetic  lamince   are  left, 
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which  retain  their  metallic  aspect  under  water,  but  lose  it  in  the  air,  nnd 
•are  quickly  conveTte<l  into  tnould  by  the  action  of  acids.  (Karsten.) 

Steel  may  be  made  to  unite  with  several  metals  by  fusion.  Many  of 
these  metals  nnited  with  it  in  very  small  qnantity,  render  it  harder  and 
more  brittle.  If  the  other  metal  is  more  electro -negative  than  the  steel, 
and  partly  separates  out  in  fine  particles  as  the  metal  cools,  the  steel  is 
thereby  rendered  more  liable  to  rnst.  Moreover,  all  these  alloys — ^parti- 
cularly those  which  do  not  contain  too  much  platinum — disengage  a 
larger  quantity  of  hydrogen  from  dilute  sulphuric  acid  in  a  given  time 
than  pure  steel,  doubtless  because  a  portion  of  the  more  electro-negative 
metal  is  laid  bare  by  the  first  action  of  the  acid,  and  then  accelerates  the 
solution  of  the  iron  by  galvanic  action.  Pure  steel  dissolves  most  slowly 
of  all  in  sulphuric  acid;  then  follows  that  which  is  alloyed  with  small 
quantities  of  chromium;  then  with  silver;  then  with  gold;  then  with 
nickel;  then  with  rhodium,  iridium,  or  osmium;  then  with  palladium; 
and  lastly  with  platinum.  The  alloy  of  steel  and  platinum  gives  with 
sulphuric  acid,  in  a  given  time,  100  times  as  much  hydrogen  gas  as  pure 
steel;  even  j^  platinum  is  sufficient  to  produce  this  efi'ect,  but  with 

■j-Jtj- Y^  the  action  is  still  stronger.  (Faraday  &Stodart,  Phil.  Trara. 

1822,  253;  also  Gilb.  72,  225.) — The  greater  hardness  which  steel 
acquires  by  fusion  with  these  metals  appears  to  result,  not  so  much  from 
their  presence  as  from  the  additional  fusion  to  which  the  steel  must  be 
subjected  to  form  the  alloy;  at  all  events,  silver-steel  exhibits  no  greater 
hardness  than  steel  which  has  been  re-melted  per  se,  vid.  silver,  (Eisner, 
t/.  pr.  Chem.  20,  110.)  Iron  free  from  carbon  may  indeed  be  rendered 
harder  by  combination  with  phosphorus,  sulphur,  arsenic,  &c.,  but  such 
compounds  do  not  harden  by  sudden  cooling,  or  at  all  events  but  slightly. 
(Karsten.) 

c.  Ordinary  Pig-iron;  Cast-vron. —  Obtained  by  the  reduction  of 
native  iron-oxides  by  means  of  charcoal  or  coke  in  the  blast-furnace 
(p.  166).  It  contains  more  carbon  than  steel,  and  is  besides  contami- 
nated with  various  substances,  particularly  phosphorus,  sulphur,  arsenic, 
manganese,  molybdenum,  vanadium,  chromium,  copper,  calcium,  mag- 
nesium, aluminum,  and  silicium. 

The  properties  of  this  substance  vary  according  to  the  nature  and  the 
proportion  of  the  substances  combined  with  the  iron,  and  likewise  accord- 
ing to  the  rapidity  of  cooling  from  the  state  of  jfusion.  For  the  most 
part,  cast-iron  exhibits  a  laminar  or  granular  texture,  sometimes  crystal- 
lizes in  octohedrons,  and  is  more  brittle,  specifically  lighter,  and  more 
fusible  than  malleable  iron.  At  a  red-heat,  it  is  so  soft  that  it  may  be  cut 
with  a  saw. 

Melted  cast-iron,  whether  white  or  grey,  yields  white  cast-iron  by 
sudden  cooling  and  grey  by  slow  cooling.  The  former  corresponds  to 
hardened,  the  latter  to  unhardened  steel,  excepting  that  the  steel  contains 
less  carbon.  After  sudden  cooling,  the  carbon  remains  combined  with  the 
whole  of  the  iron;  but  if  the  cooling  be  slow,  the  carbon  has  time  to 
separate  for  the  most  part  from  its  state  of  combination  with  the  whole 
of  the  iron,  partly  as  graphite,  partly  as  FeC.  (Karsten.)  Part  of  the 
graphite  remains  difi*used  through  the  iron  in  scales;  the  rest  crystallizes 
out.  The  greater  the  quantity  of  carbon  in  white  cast-iron,  the  more 
strongly  must  it  be  heated  in  fusing  and  the  more  slowly  must  it  be 
cooled  after  fusion,  in  order  to  convert  it  into  the  grey  variety.  On  the 
other  hand,  grey  cast-iron  is  most  easily  converted  into  white,  by  heating 
it  just  to  the  melting  point  [because  then  the  cooling  takes  place  more 
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rapidly  thraughotrt  the  whole  mass].  In  iron  eastings,  those  parts  of  the 
iron  which  have  been  in  direct  contact  with  the  mould  are  of  the  white 
variety,  being  lighter  in  colour  as  the  mould  is  wetter  and  the  casting 
tliinner;  in  the  interior  of  the  mass,  the  white  iron  passes  imperceptibly 
into  the  grey.  When  fused  cast-iron  very  rich  in  carbon  is  run  into  a 
very  wide  open  mould,  and  thrown  into  water  as  soon  as  it  has  become 
solid  on  the  surface,  the  portion  which  still  remains  fluid  in  the  interior 
is  converted  by  the  rapid  cooling  into  white  iron.  (Karsten.) 

Although  we  must  admit,  with  Karsten,  that  the  different  rate  of 
cooling  is  the  principal  circumstance  which  determines  the  prodnotian  of 
white  or  of  grey  cast-iron,  we  can  nevertheless  scarcely  follow  him  in 
regarding  it  as  the  only  cause  of  the  difference;  for  the  varying  qaantity 
of  the  other  elements  contained  in  it  appears  likewise  to  exert  an  infla- 
ence  on  the  result.  Why  is  it  that  white  and  grey  iron  sometimes  occur, 
and  with  sharp  demarcation,  in  the  same  piece  of  iron  1  (infra.)  Why 
is  blackish-grey  pig-iron  so  difficult  to  convert  into  white  1  Why  does 
the  same  furnace,  according  to  the  manner  in  which  it  works,  yic^d  at 
the  same  rate  of  cooling,  sometimes  a  whiter,  sometimes  a  greyer  iron  ? 
Why  does  fused  grey  pig-iron  solidify  in  the  form  of  white  bright  iron 
on  the  addition  of  sulphur  (infra);  and  if  the  bright  iron  be  distin- 
guished merely  by  containing  the  greatest  quantity  of  carbon,  why  is  it 
not  obtained  by  fusing  pure  iron  with  excess  of  charcoal  1  (Gm.) 

Varieties  of  Cast  or  Pig^ron,  particularly  according  to  Karsten: 

A.  White  Pig-iron.— YsLTiea  from  tin-white  to  greyish- white;  ven^ 
brittle,  cracking  easily  even  by  change  of  temperature;  extremely  hard, 
sometimes  even  more  so  than  bardened  steel,  so  that  it  will  resist^  the 
strongest  file;  scratches  glass  easily.  Fracture,  sometimes  laminar, 
sometimes  lamino-radiating,  sometimes  finely  splintered,  sometimes  dense 
and  conchoidal.  As  the  fracture  changes  from  laminar  to  conchoidal,  tho 
colour  likewise  varies  from  white  to  greyish.  Mean  specific  gravity,  7-5. 
Expands  less  than  grey  cast-iron  when  heated.  Cannot  be  welded, 
because  it  becomes  pasty  at  the  very  lowest  welding  heat.  Fuses  less 
readily  than  grey  pig-iron.  When  heated  to  the  melting  point,  it  does 
not  suddenly  pass  into  the  fused  state,  like  grey  pig-iron,  but  is  converted 
before  fusing,  into  a  soft,  pasty  mass.  In  this  variety  of  pig-iron,  the 
carbon  is  united  with  the  whole  of  the  iron.  Continued  ignition  out  of 
contact  of  air,  does  not  alter  bright  iron,  but  imparts  a  grey  colour  to 
those  kinds  of  white  pig-iron  which  are  less  rich  in  carbon,  and  renders 
them  less  hard  and  brittle.   (Karsten.)  , 

a.  Bright  Iron,  Rough  SteeUiron  (Spiegelfisen,  Spiegelfloss,  Rolistahleuen. 
Rohstahlfloss,  HaHfloss).  Tliis  is  the  hardest  of  all  kinds  of  iron;  it 
resists  the  strongest  file;  exhibits  a  coarsely  laminar  fracture,  with  silver- 
white,  specular,  fractured  surfaces.  The  most  fusible  of  all  kinds  of  pig- 
iron.     Especially  rich  in  carbon. 

h.    Whitish-grey  Pig-iron. 

c.  Flowery  Pig-iron  (Blumiges  Eoheisen,  hlumige  Flossen).  Bluish, 
with  a  radiating,  highly  lustrous  fracture. 

d.  Greyish-white  Iron,  having  a  fracture  without  distinct  structure. 

e.  Porous  Pig-iron  {luchiger  Eoheisen,  luckiger  Floss,  Weichfloss). 
Less  white,  with  a  bluish  or  greyish  tinge  with  a  somewhat  indented 

racture;  porous.     Forms  the  transition  to  grey  pig-iron  and  to  steel. 

B.  Grey  Pta-iVon.— Between  light  grey  and  black.     Sometimes  with 
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a  strong  lustre;  sometimes,  when  it  contains  considerable  quantities  of 
foreign  metals,  especially  silicium,  it  is  dull.  Fracture  granular.  If  the 
grains  become  flat  and  scaly,  the  iron  is  impure.  Innumerable  scales  of 
graphite  are  interspersed  between  the  particles.  The  grains,  which 
resemble  those  of  unhardened  steel,  consist  principally  of  the  compound 
of  carbon  with  the  whole  of  the  iron;  FeC  may,  however,  be  mixed  with 
them.  Mean  density  7*1.  More  or  less  soft  and  extensible,  possessing 
these  properties  in  a  greater  degree  when  cold  than  at  a  red  heat.  This 
kind  of  cast-iron  would  be  very  malleable,  if  it  were  not  mixed  with 
graphite.  It  may  be  welded,  though  not  easily,  because  the  welding 
and  melting  points  are  very  close  together.  The  more  carbon  it  contains 
the  more  readily  does  it  fuse,  and  with  an  equal  proportion  of  carbon,  it 
is  less  fusible  than  white  pig-iron.  Some  varieties  of  it  are  as  refractory 
as  the  harder  kinds  of  cast-steel,  others  fuse  almost  as  easily  as  bright 
iron.  (Karsten.)  A  sample  of  pig-iron  examined  by  Degen  fused  at 
1326^  C.  Its  passage  from  the  solid  to  the  liquid  state  takes  place 
almost  instantaneously,  the  melting  point  being  higher  and  the  fusion 
more  sudden  as  the  proportion  of  carbon  is  smaller.  When  very  slowly 
cooled  after  fusion,  it  becomes  more  malleable  than  before;  by  sudden 
cooling  it  is  converted  into  white  pig-iron,  the  conversion  being  more 
complete  as  the  proportion  of  carbon  is  greater.  Thus  white  iron  is 
obtained  by  pouring  water  on  the  iron  which  has  been  run  off  into  the 

frooves  and  taking  out  the  crusts  of  solid  metal  thus  produced.  The 
lackish-grey  iron  obtained  when  the  furnace  is  working  very  hot,  is 
however  dimcult  to  convert  into  white  iron;  but  complete  conversion 
may  be  obtained  by  pouring  it  into  water  in  a  fine  stream.  (Karsten.) 
[Is  not  the  blackish-grey  pig-iron  peculiarly  rich  in  carbon  ?]  It  is  not 
altered  by  continued  ignition  with  charcoal  out  of  contact  of  air.  It 
hardens  by  cooling  in  water  after  ignition.  (Karsten.)  When  hardened, 
it  scratches  glass  and  resists  an  English  file.  (Bromeis.) 

a.  Mottled  or  Mixed  Pig-iron  {Ualbirtes  Roheisen,  gejlecktes  Roheisen), 
A  mixture  of  white  and  grey  iron.  In  strongly  mottled  iron,  little  stars 
and  spots  of  grey  iron  are  found  interspersed  in  bright  or  flowery  iron; 
weakly  mottled  iron  exhibits  white  specks  on  a  grey  ground.  In  streaked 
iron  {spengliches  or  streifiges  Eisen)  grey  iron  is  found  above  and  below, 
and  bright  iron  in  the  middle,  with  strong  demarcations. 

6.  Grey,  Normal  Pig-iron  {Graues^  gares  Roheisen),  Produced  when 
the  charcoal,  ore,  flux,  and  air  in  the  blast-furnace  are  in  normal  propor- 
tion. The  slag  or  cinder  produced  under  such  conditions  is  perfectly 
fused,  contains  very  little  iron,  is  free  from  graphite-lamiusB,  sometimes 
vitreous  and  of  a  greenish  or  blue  colour,  sometimes  crystallo-granular, 
laminar,  and  greyish-white.  Normal  cast-iron  is  of  small-grained  struc- 
ture, and  interspersed  only  with  small  graphite-laminsc;  possesses  great 
tenacity;  is  easily  filed,  turned,  and  bored;  may  even  be  hammered  to  a 
certain  extent;  does  not  readily  crack  from  change  of  temperature;  and 
is  best  adapted  for  most  kinds  of  casting. 

c.  Black,  supernormal  Pig-iron  {Schwarzes,  uhergares  Roheisen),  Pro- 
duced when  the  blast-furnace  is  very  hot  and  the  supply  of  coke  or 
charcoal  too  great.  The  grey,  fine-grained  mass  then  produced  is 
abundantly  intersected  and  superficially  marked  with  laminae  of  graphite, 
whereby  its  solidity  is  diminished. 

Analyses  of  Cast  or  Pig-i7vn, — 1.  Smelted  with  charcoal,  a.  From 
Belabre;— ^.  from  Autray;— c.  from  Beze;— cf.  from  St.  Dizier; — e,  from 
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Sweden;— /.from Tredion; — ^. fromLohe. — 2/Smelted  with  coke:— Vfrom 
Firmy; — i,  from  Janon; — k.  from  Charleroy;— Z.  from  England;— m.  Fine 
metal  from  Finny  (t.  e.  iron  from  Firmy  melted  a  second  time).  All  the 
proportions  are  given  in  100  parts.  (Berthier,  Ann.  d,  Alin.  1833;  abstr. 
Jakresber,  14,  127.) 

«.  b.  c.  d.  e,  f.  g,  A." 

C  ....  2-95  ....  3-5  ....  305  ....  3-6  ....  4-2  ....  3*6  ....  3*50  ....  3*0 
Si  ....     0-28     ....     0.3     ....     007     ....     0-4     ....     0*5    ....    0*5     ....     045     ....    45 

C  4-3     ....    2-3    ....    2-2     ....     1-7    —    100 

Si 3-5    ....    3-5     ....    2-5     ....    OS    —    0-15 

Iron  smelted  with  coke  is  therefore  much  richer  in  silicium  than  that 
which  has  been  reduced  by  charcoal. 

a.  Pig-iron  from  the  Royal  Works  in  the  Harz,  smelted  with  cold  air; 
of  sp.  gr.  7*43;  mottled. — 6.  The  same,  smelted  with  air  at  250';  sp.  gr. 
7*166;  normal  and  of  a  grey  colour. — c.  Pig-iron  from  Leerbach  in  the 
Harz;  cold  blast;  sp.  gr.  7*081;  very  grey. — d.  The  same,  smelted  with 
air  at  110°;  sp.  gr.  7*077;  very  grey.  The  hotter  the  blast,  the  greater 
is  the  quantity  of  silicium  which  unites  with  the  iron;  the  proportion  of 
phosphorus,  on  the  contrary,  remains  the  same.  (Bodemann,  Fogg. 
55,  485.)— e.  Grey,  soft  pig-iron  from  the  Maximilian  Works  at  Bergen. 
(Fuchs,  J,  pr.  Chein.  17,  166.)—/.  Good  pig-iron  free  from  manganese, 
from  the  Leke  iron-works.  (Berzelius,  Scker,  Ann.  7,  221.) 

a.  b.  e.                 d»                  €»                 f» 

Fe 93-29  ....  91*42  ....  93-66  ....  91*98    ....     94*33     ....     9M6 

^  /combined  2-78  ....  144  ....  048  ....  0*95)             -  .^               a.oA 

^Ifree 1-99  ....  2-71  ....  385  ....  3-48J  •'"      ^"      "       ^  ^" 

P   1-23  ....  1-22  ....  1-22  ....  1-68     ....       037 

S   trace  ....  trace  ....  trace  ....  trace    ....      0*12 

Ca trace  ....  trace  ....  ....                 ....                 Mg    0*12 

Al ....  ....  trace  ....  trace 

Si  0-71  ....  3-21  ....  0-79  ....  1*91     ....       1-75     ....      0-25 

Mn    trace  ....  trace  ....  trace  ....  trace     ....                  ....       4*57 

Cr  and  V  ....  trace 

10000    ....  10000     ....  10000     ....  10000     ....  100*00     ....  10000 

a.  a.  Grey  pig-iron  from  Wales,  smelted  with  coke.  No.  1; — h.  No.  2; 
c.  No.  3; — rf.  Grey  pig-iron  from  Franche-Comte,  smelted  with  coke; 
e.  The  same  from  Ureusat;— /.  The  same  from  the  Champagne; — g.  Grey 
pig-iron,  with  coke  and  wood,  from  Berry; — h.  Grey  pig-iron,  with  char- 
coal, from  Nivernais; — i.  White  pig-iron,  with  wood,  from  the  Champagne; 
k.  The  same,  from  the  Is^re; — I.  The  same,  from  Siegen; — m.  The  same, 
from  Coblenz.  The  quantity  required  to  make  up  the  hundred  parts  is 
iron.  (Gay-Lussac  &  Wilson,  N,  Quart,  J,  of  Sc,  7,  204;  also  Jahresher, 

11,  128.) 

a,  h.  e.                 d»  €.                 f, 

C   2-45  ....  2-55  ...  1-67  ....  280  ....  2*02  ....  2*10 

P   0-78  ....  0-44  ....  0-49  ....  0-35  ....  060  ....  0-87 

Si  1-62  ....  1*20  ....  3-00  ....  1*16  ....  3*49  ....  1*06 

•Mn    trace  ....  trace  ....  trace  ....  trace  ....  trace  ....  trace 

g.  h.  t.  k'  l»  *». 

C  2-32  ....  2-254  ....  2*324  ....  2636  ....  269  ....  2*44 

P   019  ....  1043  ....  0-703  ....  0280  »..  0*16  ...  0-19 

Si  1-92  ....  1-030  ....  0-840  ....  0-260  ....  023  ....  0*23 

yin    trace  ....      tfaqe  ,...      trace  ....  2*140  ....  2*59  .•■,  ?*45 
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In  ihe  folio  wing  investigationB^  only  the  proportion  of  carbon  in  the 
pig-iron  was  determined;  a.  Grey  pig-iron  from  Sain,  reduced  from 
Browii  Iron-ore  with  charcoal. — b.  The  same,  from  Widdenstein  in 
Siegen,  red  need  from  Brown  Iron-ore  and  Spathic  Iron-ore  by  charcoal; 
c.  The  same  from  Malapan  in  Silesia,  reduced  from  Sphaerosiderite  by 
charcoal. — d.  The  same  from  the  Royal  Works  in  Silesia,  obtained  from 
Ochery  Brown  Iron-ore  by  coke. — e.  The  same,  but  with  a  less  hot 
working  of  the  famace«  (Karsten,  Schw.  68,  182.) — Pig-iron  from  the 
Bemberg:  a.  Grey; — b.  Ordinan?^  white; — c.  Very  light  white; — d.  White, 
and  of  normal  composition; — e.  rerfectly  bright  or  specular  iron  containing 
7  per  cent,  of  manganese.  (Bromeis,  Ann,  Pharm,  43,  241.)  All  the 
numbers  refer  to  100  parts. 

Karsten. 


Comlnned  Carbon    .... 
Free  Carbon 

a, 

0-89 
3-71 

•••• 

5. 

103 
3-62 

■  ••  • 

c. 

0-75     .... 
315     .... 

d. 

0-58     .... 
2-57     .... 

e. 

0-95 
2*70 

Total 

4-60 

•  ••• 

4-65 

•  •«• 

3*90    .... 
Bromeis. 

315     .... 

3-65 

Cotnbined  Carbon  .... 
Free  Carbon 

a. 
0-93 
2-34 

■  ••• 

b. 
1-514 
1-040 

•  ••• 

e.                  d. 

2-518     ....     2-908 
0-500     ....     0-550 

....     3-10 
....     0-72 

Total 3-27     ....     2554     ....     3018     ....     3-458     ....     3-82 

Bright  iron  contains  the  largest  proportion  of  carbon,  viz.  5-3  per 
cent:=Fe*C.  [This  is  contradicted  by  the  above  analysis  of  Bromeis.] 
This  quantity  of  carbon  is  not  increased  by  fusion  in  a  crucible  lined 
with  charcoal.  With  4*25  per  cent,  of  carbon,  the  laminar  texture  is 
etill  distinct;  with  a  smaller  quantity  of  carbon,  it  passes  into  the  ra- 
diated; with  a  still  smaller  quantity,  it  exhibits  a  close  and  then  a 
grannlar  fracture,  the  whiteness  at  the  same  time  diminishing;  but 
when  the  proportion  of  carbon  is  still  further  diminished,  the  grey  colour 
becomes  lighter  again.  Forous  cast-iron  contains  3*5  per  cent,  carbon. 
(Karsten.) 

The  substances  which  occur  in  pig-iron  in  addition  to  the  carbon, 
probably  form  compounds  with  a  portion  of  the  iron,  which  are  finely 
diffused  through  or  dissolved  in  the  carbide  of  iron.  These  admixtures 
affect  the  quality  of  the  iron  as  follows  : — 

Fhoiphorus  imparts  to  iron  the  property  of  fusing  tranquilly,  and 
forming  a  thin  liquid;  and  since  phosphide  of  iron  solidifies  less  quickly 
than  pure  iron,  it  is  well  adapted  for  castings;  but  if  the  proportion  of 
phosphorus  amounts  to  1*5  per  cent.,  the  iron  loses  its  solidity.  The 
largest  proportion  of  phosphorus,  as  it  occurs  in  iron  from  Limonite, 
amounts  to  b'Q  percent.  (Karsten.)  %  Schafhautl  {J.  pr,  Chem,  40,  304) 
remarks  that  cast-iron,  bar-iron,  and  steel  almost  always  contain  more  or 
less  arsenic  and  phosphorus,  which  often  greatly  improve  their  quality. 
Thus  the  celebrated  Dannemora  iron  and  the  English  Low-Moor  iron 
owe  their  good  qualities  to  the  presence  of  arsenic;  and  a  particular  kind 
of  Russian  iron  (marked  CCND)  from  Demidorff*s  works  at  Niscbnetag- 
ilsk  is  indebted  for  its  peculiar  qualities  to  the  phosphorus  which  it 
contains.  ^ 

Iron  which  contains  sulphur  becomes  viscid  and  solidifies  quickly,  if 
cooled  in  the  least  degree  after  fusion,  and  during  the  solidification. 
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cayiiies  and  air-bubbles  are  often  formed.  Even  if  tbe  quantity  oi 
snlpbur  amounts  to  only  0'd7  per  cent,  the  metal  wben  converted  into 
bar- Iron  is  perfectly  useless,  breaking  to  pieces  under  the  hammer  at  a 
red  heat. — ^When  a  small  quantity  of  sulphur  (^  to  |)  is  stirred  about  at 
the  bottom  of  melted  grey  pig-iroa  prepared  from  mangaaifierous  brown 
iron-stone,  the  fused  mass  solidifies  in  the  form  of  bright  iron,  exactly 
resembling  that  from  which  rough  steel  is  prepared.  Pig-iron  ffee  from 
manganese  likewise,  when  thus  treated,  yields  bright  iron,  containing  : 
Fe  94*03, — combined  carbon  4'd3  (it  does  not  contain  graphite), — S  0*61, 
—Si  1  '05  (excess  0-^2.)  £ven  if  this  process  does  not  produce  brigbt  or 
specular  iron,  it  at  least  always  yields  white  iron.  On  the  other  hand,  fused 
bright  iron  obtained  from  spathic  iron-ore  is,  by  admixture  of  sulphur, 
completer  oouTerled  into  grey  pig-iron.  In  all  these  fusions  with  sul- 
phur, a  black  mass  consisting  of  graphite  and  sulphide  of  iron  separates 
on  the  surfaxse  of  the  metal.  [Consequently,  the  sulphur  expels  a  portion 
of  the  carbon  from  its  combination  with  the  iron.]  (Huene,  J.  pr.  Chem, 
26,  30».) 

Silicium  becomes  mixed  with  the  iron  in  considerable  quantity  when 
coke  is  used  as  the  reducing  agent;  the  largest  amount  found  by  Karsten 
was  3*46  per  cent.  A  larger  proportion  deprives  grey  cast-iron  of  its 
lustre,  and  gives  it  a  dull  aspect  and  an  ash-grey  colour;  a  similar 
effect  is  produced  by  other  earth-metcUs,  Generally  speaking,  grey  cast- 
iron  contains  more  silicium  and  manganese  than  the  white  variety. 
(Karsten.) 

Arsenic  occurs  in  pig-iron  more  frequently  than  is  commonly  sup- 
posed. It  is  not  evolved  in  the  form  of  arseniuretted  hydrogen  gas  when 
the  iron  is  dissolved  in  dilute  sulphuric  acid,  but  remains  in  the  black 
residue,  from  which  it  may  easily  be  extracted  by  caustic  potash  or  hydro- 
sulphate  of  ammonia,  and  then  precipitated  by  acids  in  the  form  of  sul- 
phide of  arsenic,  or,  in  the  case  of  the  potash-solution,  by  passing 
sulphuretted  hydrogen  through  the  liquid,  and  boiling.  This  sulphide  of 
arsenic  often  leaves  a  small  quantity  of  sulphide  of  molybdenum  when 
distilled.  (Wohler,  Ann.  Fharm,  31,  95.) 

Sefstrom  reduced  ferric  oxide  mixed  with  various  foreign  substances,  in  a 
charcoal  crucible  before  the  blowpipe,  whereby  different  elements,  such 
as  phosphorus,  sulphur,  arsenic,  silicium,  calcium,  magnesium,  aluminum, 
and  manganese  were  made  to  combine  with  the  iron,  and  alter  its  pro** 
perties.  (For  the  results  of  these  important  experiments,  vid.  J,  ttchn. 
Chem.  10,  145.) 

Cast-iron,  when  heated  in  the  air,  exhibits  the  same  surface-colours  as 
steel  and  bar-iron.  White  iron  shows  colour  sooner  than  steel;  cast- 
iron  sometimes  more  slowly  than  bar-iron.  (Karsten.)  Cast-iron,  by  con- 
tinued ignition  in  the  air,  is  converted  from  without  inwards  into  scale- 
oxide,  the  carbon  at  the  same  time  escaping. — If  the  ignition  be  interrupted 
before  the  white  cast-iron  is  completely  converted  into  scale- oxide,  the 
remaining  iron,  from  loss  of  carbon,  is  found  to  be  dark-grey,  soft  and  mal- 
leable like  the  softest  grey  cast-iron,  but  does  not  appear  brittle  or  porous. 
If  it  be  protected  from  the  air  during  ignition  by  covering  it  with  various 
powders,  even  with  charcoal  powder,  it  is  converted  into  the  same  kind 
of  soft  cast-iron,  without  much  formation  of  scale-oxide.  The  same 
conversion  takes  place  without  any  formation  of  oxide,  when  white  cast- 
iron  is  surrounded  with  chalk,  ashes,  or  ferric  oxide,  and  ignited  in  close 
vessels.  On  this  property  depends  the  annealing  of  iron  castings. — Grey 
cast-iron  when  exposed  to  the  air  covers  itself  with  scale-oxide;  and  at 
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the  same  time  becomes  more  and  more  brittle  till  it  is  completely 
oxidized.  It  likewise  passes  into  a  brittle,  poroas  state,  when  heated 
to  redness  nnder  chalk,  ferric  oxide,  &c. — If  white  cast-iron  is  heated  in 
the  air  till  it  becomes  soft  and  pasty,  it  gives  np  its  carbon  more  quickly 
than  when  merely  heated  to  redness,  and  ultimately  passes  from  the  steel- 
like state  to  that  of  pure  iron,  without  the  great  loss  of  iron  which  is  un- 
aroidable  when  the  metal  is  completely  fused.  Since,  however,  when  the 
amount  of  carbon  is  considerable,  the  pasty  condition  quickly  passes 
into  the  liquid  state,  this  mode  of  removing  the  carbon  cannot  be  applied 
to  bright  iron,  which  is  very  rich  in  that  element. — White  or  grey  cast- 
iron,  when  fused  in  the  air,  becomes  covered  with  scale-oxide,  and  if  this 
be  constantly  removed,  the  whole  of  the  metal  is  quickly  oxidized;  i( 
however,  the  oxide  be  left  on  the  surface,  it  increases  but  slowly,  and  the 
iron  becomes  more  free  from  carbon,  more  like  steel,  and  difficult  to  fuse. 
-~6rey  cast-iron  fused  under  a  layer  of  carbonate  of  potash,  soda,  lime, 
or  magnesia,  the  temperature  being  raised  as  the  metal  becomes  more 
refractory,  is  converted  into  perfectly  malleable  steel-like  iron.  It 
cannot,  however,  be  completely  deprived  of  carbon  by  this  process; 
neither  does  it  take  up  any  alkali-metal.  The  carbonic  acid  in  the 
carbonates  is  doubtless  converted  into  carbonic  oxide.  (Karsten.) 

Nitric  acid  forms  a  black  spot  upon  cast-iron,  dissolves  it  with  eyo- 
lution  of  nitrous  gas  and  carbonic  acid,  and  leaves  a  brown,  soft,  mouldy 
residue.  This  latter  substance  smells  like  peat  when  heated,  and  glows 
when  set  on  fire,  emitting  the  same  odour  and  leaving  a  greyish- red  ash. 
Many  kinds  of  this  mouldy  substance  are  slightly  soluble  in  water,  others 
more  abundantly,  especially  in  hot  water,  from  which  they  separate 
partly  by  cooling,  partly  by  evaporation;  but  all  varieties  of  it  dissolve 
easily  in  ammonia  and  potash,  forming  a  black-brown  solution,  from 
which  acids  throw  down  a  precipitate.  (Berzelius,  Scher,  Ann,  7,  224.) 
If  cast-iron  be  immersed  in  water,  and  nitric  acid  free  from  nitrous  and 
hydrochloric  acid  be  gradually  added  so  that  the  temperature  may  not 
rise  above  50°,  there  remains  a  black -brown  mould,  which,  when  heated 
in  the  air,  emits  fumes  of  a  peculiar  but  not  exactly  empyreumatic 
odour,  and  then  burns  away  with  a  glimmering  light;  when  subjected  to 
destructive  distillation,  it  leaves  a  residue  of  charcoal,  and  yields  a  dis- 
tillate of  ammonia,  together  with  an  empyreumatic  oil  which  smells  like 
tobacco.  (Berzelius,  Fogg.  27,  126.)— Cold  nitric  acid  of  specific  gravity 
1*3  gradually  dissolves  white  cast-iron,  with  separation  of  black  flakes, 
which  if  left  iramereed  in  the  acid,  slowly  acquire  a  brown-red  colour; 
boiling  nitric  acid  or  aqua-regia  acts  in  the  same  manner,  but  more 
quickly  and  with  great  frothing. — On  grey  cast-iron,  cold  nitric  acid  acts 
but  slowly;  the  softer  kinds  are  afTected  by  the  acid  in  the  same  manner 
as  soft  steel — the  harder  and  lighter  varieties  (e,  g,  the  mottled),  like 
hard  steel.  After  a  time  the  action  ceases  altogether,  but  begins  again  if 
the  graphite-lam inoB  are  separated  from  the  iron.  Nitric  acid  is  coloured 
h3  the  mould  which  it  dissolves.  Aqua-regia  acts  in  the  same  manner  as 
nitric  acid.  (Karsten.) 

Dilute  sulphuric  or  hydrochloric  acid  also  dissolves  cast-iron — the 
grey  more  easily  than  the  white — with  evolution  of  hydrogen  gas,  conta- 
minated with  the  vapour  of  a  disagreeably-smelling  oil,  sometimes  also 
containing  sulphur  and  phosphorus,  and  perhaps  mixed  with  marsh-gas; 
a  carbonaceous  residue  is  left,  exhibiting  three  varieties  of  composition 
and  properties.  If  the  hydrogen  gas,  as  it  is  evolved,  is  passed  through 
alcohol,  that  liquid  takes  up  the  oil  (first  observed  by  Proust  {Sdier,  J. 
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9,  480;  also  GUb,  24,  293]),  which  may  then  be  separated  from  it  by 
adding  water.  When  cast-iron  is  dissolved  in  hydrochloric  acid,  more 
hydrogen  and  less  oil  are  obtained  than  when  sulphuric  acid  is  used; 
part  of  the  oil  remains  in  the  carbonaceous  residue,  and  may  be  extracted 
by  alcohol.  (Berzelius.)  Oil  of  vitriol  through  which  the  hydrogen  is 
passed,  completely  absorbs  the  vapour  of  the  oil,  acquiring  a  yellow  and 
afterwards  a  deep-red  colour.  (Schrbtter,  Ann,  Fkarm,  39,  302.) — When 
cast-iron  is  dissolved  in  hydrochloric  acid,  there  remains  a  brownish 
residue,  which  turns  light  yellow  on  drying,  and  when  burnt  becomes 
black,  and  leaves  a  residue  of  silica.  Sulphuric  acid  leaves  a  black  and 
more  copious  residue,  which  also  leaves  silica  when  burnt.  (Berzelius.) 
— White  cast-iron  is  almost  insoluble  in  dilute  sulphuric  or  hydrochloric 
acid;  when  immersed  for  some  weeks  in  either  of  these  acids,  it  becomes 
covered  with  a  black  dust  or  mould.  Stronger  sulphuric  acid  at  a  boiling 
heat  dissolves  white  iron,  leaving  a  residue  of  black  carbonaceous  matter 
having  a  metallic  aspect  [mould?];  boiling  concentrated  hydrochloric 
acid  dissolves  white  iron  completely. — Grey  caet-iron  dissolves  very 
slowly  in  dilute  sulphuric  or  hydrochloric  acid,  and  after  a  few  months, 
leaves  a  residue  consisting  of  three  different  substances  :  1.  Graphite,  in 
non-magnetic  scales,  which  have  a  metallic  lustre,  are  insoluble  in  acids 
and  alkalis,  and  bum  without  residue.  2.  A  magnetic,  graphite-like 
mass  (FeC)  which  becomes  heated  when  dried  in  the  air,  and  is  in 
other  respects  similar  to  that  which  is  obtained  by  the  same  process  from 
unhardened  steel  (p.  210).  3.  Black-brown,  non-magnetic  mould,  which 
bums  away  below  a  red  heat,  and  dissolves  in  caustic  potash,  form- 
ing a  black-brown  solution.  Graphite  is  never  absent  from  the  residue; 
but  it  is  mixed,  sometimes  with  the  graphite-like  matter,  sometimes  with 
mould.  When  grey  cast-iron  is  dissolved  in  strong  sulphuric  acid,  the 
residue  consists  of  graphite,  and  black,  easily  inflammable  mould;  hot 
concentrated  hydrochloric  acid  dissolves  grey  iron  quickly,  leaving  a 
residue  of  graphite. — White  cast-iron  which  has  been  rendered  grey  and  soft 
by  continued  ignition,  comports  itself  with  nitric,  sulphuric,  and  hydrochloric 
acid  in  the  same  manner  as  unhardened  steel  which  has  been  rendered 
denser  by  hammering.  (Karsten.) — IT  Acccording  to  Landrock  (Arch, 
Fharm  [2],  54,  1),  the  insoluble  residue  left  by  the  action  of  dilute  sul- 
phuric acid  on  cast-iron  does  not  in  any  way  ])artake  of  the  nature  of  an 
organic  substance;  and  that  which  is  dissolved  out  of  it  by  potash  is  not 
a  substance  resembling  mould  or  humus,  but  consists  mainly  of  ferric 
oxide  and  silica,  the  ferric  oxide  being  rendered  soluble  in  potash  through 
the  medium  of  the  silica;  the  volatile  products  resulting  from  the  action 
of  the  acid  are  hydrogen,  arseniuretted,  phosphuretted,  and  sulphuretted 
hydrogen,  and  sulphurous  acid  IF. — When  the  residue  obtained  on  dis- 
solving grey  cast-iron  in  hydrochloric  acid  is  treated  with  ammonia,  it 
rapidly  gives  off  hydrogen,  together  with  traces  of  marsh-gas,  and  yields 
alumina  (so  far  as  all  kinds  of  cast-iron  contain  aluminum)  and  silica  to 
the  ammonia.  The  residue  left  on  dissolving  white  iron  in  hydrochloric 
acid,  does  not  effervesce  with  ammonia,  provided  no  grey-iron  was  mixed 
with  the  white.  (Schafhautl,  briefliche  Mittheilung,)  IT  According  to 
Hull  {Ann  Phainti,  74,  112),  the  evolution  of  hydrogen  in  the  manner 
just  mentioned  is  purely  a  mechanical  phenomenon.  The  hydrogen  is, 
in  fact,  mechanically  inclosed  in  the  porous  carbonaceous  residue,  and  is 
evolved  from  it,  not  only  by  contact  with  ammonia,  but  likewise  by  boil- 
ing with  pure  water.  Its  liberation  by  ammonia  at  ordinary  tempe- 
n^tures,  probably  arises  from  this  circumstance,  that  the  ammonia  dis* 


218  IRON. 

solves  the  oil  j  hydrocarbon  contained  in  the  carbonaceous  residney  thereby 
wetting  and  penetrating  it  completely  If. 

Daniell  {Schw.  19.  202)  by  dissolving  oast-iron  in  hydrochloric  or 
snlpbnric  acid,  obtained  a  substance  which  conld  be  oat  with  the  knife, 
and  when  dried  in  the  air  upon  blotting-paper,  became  heated,  and,  if 
in  mass,  even  took  fire  spontaneously. — Cannon-balls  (not  aU)  which  had 
lain  for  42  years  under  sea-water,  were  found  to  be  converted  into  a 
substance  like  plumbago,  some  to  the  thickness  of  half  an  inch,  others  to 
the  very  centre.  (Silliman,  SUl,  Amer,  J,  4,  178;  also  Schw.  35,  481.) 
[The  balls  which  withstood  the  action  of  the  sea-water  probably  consisted 
of  white  cast-iron.]— Cannon-balls  lying  in  the  sea  on  the  coast  of  Nor- 
mandy, where  they  had  been  deposited  during  a  sea-fight  in  1692,  had 
retained  their  form  and  bulk,  but  lost  two-thirds  of  their  weight;  they 
yielded  to  the  knife,  had  no  action  on  the  magnet,  and  no  longer  con- 
tained metallic  iron.  (Deslongchanips,  J,  Chim.  Mid,  13,  89.)  Balls 
raised  at  Carlscrona  from  a  ship  sunk  50  years  before,  were  found  to  be 
converted,  through  one-third  of  their  mass,  into  a  porous,  graphitic  sub- 
stance, which  became  strongly  heated  when  exposed  to  the  air  for  a 
quarter  of  an  hour,  so  that  the  adhering  water  evaporated.  (Berzelius, 
Lekrb.) — Sea- water  does  not  extract  all  the  iron  from  cast-iron,  but,  like 
dilute  sulphuric  acid,  leaves  graphite  mixed  with  a  graphitic  substance 
(FeC)  which,  aa  it  dries  in  the  air,  becomes  heated  even  to  redness. 
Cast-iron  immersed  in  fresh-water  is  likewise  converted  by  the  carbonic 
acid  of  the  air — though  very  slowly  and  with  deposition  of  iron-rust — into 
the  same  mixture  of  graphite  and  FeC*.  (Karsten.)  Oxidation  of  cast- 
iron — even  more  rapid  than  in  sea- water — likewise  takes  places  at  the 
mouths  of  rivers  falling  into  the  sea,  where,  at  the  ebb  and  flow  of  the 
tide,  the  lower  part  of  the  iron  is  placed  in  contact  with  sea-water,  and 
the  upper  part  with  rivei^water,  so  that  a  galvanic  [Bucholzian]  circuit 
is  formed.  Foul  sea-water  acts  more  strongly,  in  consequence  of  the 
hydrosulphuric  acid  which  it  contains.  The  surface  of  the  iron,  which, 
by  the  sudden  cooling  in  moist  sand,  has  been  brought  to  a  state  approach- 
ing more  nearly  to  that  of  white  cast-iron — resists  the  action  of  the  water 
better  than  the  interior.  (Mallet,  J.  pr.  Chem.  22,  352.) — Aqueous  chlo- 
ride of  copper  extracts  all  the  iron  from  cast-iron,  leaving  behind  the  whole 
of  the  carbon  mixed  with  copper.  (Berzelius,  Pogg.  46,  42.) — A  similar 
action  is  produced  when  cast-iron  is  placed  in  contact  with  a  lump  of  fused 
chloride  of  silver  under  water  containing  a  few  drops  of  hydrochloric 
acid.  The  silver  is  thereby  reduced.  (Berzelius.) — The  harder  kinds  of 
white  cast-iron  placed  in  contact  with  water  and  chloride  of  silver  are 
slowly  decomposed,  leaving  a  black-brown  mould;  the  softer  kinds  de- 
compose more  quickly  and  leave  graphite,  black-brown  mould,  and  the 
graphitic  mass  FeC^,  which,  by  longer  action  of  the  chloride  of  silver,  is 
likewise  converted  into  black-brown  mould,  though  less  quickly  than  in 
dilute  acids.  Grey  cast-iron  gives  with  water  and  chloride  of  silver  a 
mixture  of  graphite  and  FeC^  (Karsten.) — Aqueous  solution  of  iodine 
acts  in  the  same  manner  as  the  metallic  chlorides.  (Berzelius.) 

White  or  grey  cast-iron  immersed  in  charcoal  powder  and  ignited  for 
a  long  time,  or  fused,  takes  up  from  1  to  1^  per  cent,  more  carbon, 
unless  it  is  previously  saturated  with  carbon  like  bright  iron,  and  the 
white  variety,  when  heated  to  redness  between  charcoal,  becomes  grey  and 
soft.  (Karsten.) 

[Upon  bar-iron,  steel,  and  cast-iron,  see  especially  Karsten  {System  der  Metal- 
lurgies 1831-32,  Bd.  A;  also  Schw,  G6^  51  and  166).    The  numerous  experiments  of 
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SchafULatl  {J.pr.  Ckem,  19,  150  and  406;  20,  465;  21, 129)  are  aim  well  wortliy  of 
notice.] 

d,  Furey  Saturated  Cast-iroT^'-^FeKj, — By  fusing  finelj  diTided  iron 
or  steel  with  charcoal  once  or  more,  a  dark  grey,  fusible  earbide  of  iron 
is  obtained,  having  a  laminar  texture,  and  capable  of  being  ponnded  is  a 
mortar.  (Faraday  &  Stodart,  Gilb,  ^y  183.)  Bar-steel  fuses  to  a  similar 
compound,  if  the  cementation  be  oarvied  too  far.  (Battery.)  The  earbide 
of  iron  obtained  by  continued  oementation  ol  iron  with  lamp-black, 
resembles  ordinary  cast-iron  m  the  appearances  which  it  presents  at  a  red 
or  a  melting  heat,  and  in  its  reactions  with  other  bodies.  (Karsten.) 
4  atoms  of  iron  strongly  ignited  or  fused  witk  excess  of  charcoal  appear 
to  take  up  at  most  1  atom  of  carbon. 

Faraday  &  Stodart 
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€,  Fe'C. — ^When  Prussian  blue  is  ignited  in  close  vessels,  there 
remains  a  black  powder,  which,  if  exposed  to  the  air  while  still  warm, 
takes  fire  and  bums  away,  yielding  carbonic  acid  and  sesquioxide  of  iron. 
(Proust,  Ittner,  Berzelius.)  Robiquet  regards  the  residue  as  a  mere 
mixture,  since  it  is  magnetic,  rusts  by  contact  with  water,  and  readily 
gives  up  its  iron  to  hydrochloric  or  sulphuric  acid,  with  evolution  of 
hydrogen. 

/.  FeC^ — Ferrocyanic  acid  or  ferrocyanide  of  ammonium  heated  in  a 
close  vessel,  leaves  bicarbide  of  iron,  which,  when  strongly  heated  in 
nitrogen  gas  exhibits,  a  glimmering  light  unattended  with  chemical 
change.  It  is  a  loose,  black  powder,  which,  when  slightly  heated  in 
the  air,  burns  like  tinder  and  is  converted  into  ferrio  oxide  of  equal 
weight.  (Berzelius.) 

g,  FeC^I — Sometimes  left  behind,  together  with  graphite,  in  the 
action  of  dilute  sulphuric  or  hydrochloric  acid,  sea-water,  &c.,  on 
unhardened  steel  and  grey  cast-iron;  it  forms  a  grapbite-like  but  mag- 
netic mass,  which  oxidizes  in  the  air  with  considerable  evolution  of  heat, 
is  converted  into  mould  by  the  continued  action  of  acids,  and  when  burnt, 
leaves  from  82  to  94  per  cent,  of  ferric-oxide.  (Karstenj  comp,  pp.  204, 
205,  209,  218). — Berthier  {Jakresber.  14, 130)  obtained  a  similar  mass  by 
treating  cast-steel  with  aqueous  bromine  or  iodine  in  quantity  not  sufti- 
cient  to  dissolve  the  whole  of  the  iron;  it  was  in  the  form  of  the  iron, 
could  be  pressed  between  the  fingers,  and  was  magnetic;  it  was  not 
decomposed  by  excess  of  bromine  or  iodine,  until  all  the  free  iron  was 
dissolved.  It  contained  81*7  percent,  iron  and  18*3  carbon;  hence  its 
formula  should  be  FeC. 

B.  Carbonate  op  Ferrous-oxide,  or  Ferrous  Carbonate. — 
a.  Monobasic. — The  anhydrous  occurs  in  the  fonns  of  Ij'on-spar,  Spathic 
Iron-ore,  Stahlstein  or  Sphasrosiderite,  and  Junkerite.  Iron-spar  is  isomor- 
plious  with  calcspar.  An  acute  rhombohedron.  Figs.  141,  143,  145; 
/  :r3=:72°  58';  r^  :r»=107^  2'.  Cleavage  parallel  tor.  (Hauy.)  Spe- 
cific gravity  3*829  (Mohs),  3-872  (Neumann).  Harder  than  calcspar; 
white  and  translucent.  In  iron-spar,  part  of  the  ferrous  carbonate  is 
often  replaced  by  the  isomorphous  carbonates  of  lime,  magnesia,  and 
manganous  oxide. — Junkerite  forms  yellowish-grey  rectangular  octo- 
hedrons.  {Fig,  47.)     Cleavage  perpendicular  to  the  axis  and  parallel  to 
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two  diagonals  (angles  =  108°  26'  and  71**  34),  Specific  gravity  3'815. 
Harder  than  calcspar.  It  therefore  exhibits  with  regard  to  iron-spar  the 
same  dimorphism  that  arragonite  exhibits  with  regard  to  calcspar. 
(Dufrenoy,  Ann.  Ckim,  Fhi/s.  56,  198;  also  J.  pr.  Chem.  3,  261.)  Ac^ 
cording  to  Breithaupt  {Pogg.  58,  278),  on  the  contrary,  junkerite  has  the 
same  form  as  iron -spar,  and  the  so-called  octohedron  which  it  exhibits 
arises  from  the  truncation  of  an  acute  rhombohedron,  Fig.  1 53. 

IrouHspar  when  heated  to  redness  gives  off  4  volumes  of  carbonic  acid 
gas  and  1  volume  of  carbonic  oxide,  and  leaves  black  magnetic  ferroso* 
ferric  oxide: 

5FeO,CO»  =  3FeO,Fe?0»  +  4CO»  +  CO. 

(Dobereiner,  Sckw.  28,  43.)  According  to  Fuchs,  also  (/.  pr.  Client, 
17,  168)  the  residue  left  after  the  ignition  of  iron-spar  contains  much 
more  ferrous  and  less  ferric  oxide  than  magnetic  iron-ore.  ?  According 
to  Glasson  {Ann.  Pharm.  62,  89),  iron-spar  when  ignited  out  of  contact 
of  air,  gives  off  5  volumes  of  carbonic  acid  to  1  volume  of  carbonic  oxide, 
and  the  residual  oxide  consists  of  4  FeO,  Fe'O'.  IT  Hydrate  of  potash 
likewise  converts  iron- spar  into  ferroso-ferric  oxide,  abstracting  the 
carbonic  acid  and  liberating  carbonic  oxide,  but  only  on  the  application 
of  a  considerable  degree  of  heat.  (Dobereiner.)  In  damp  air,  iron-spar  is 
very  slowly  converted  into  hydrated  sesauioxide  of  iron.  When  heated  in 
a  current  of  chlorine  gas,  it  yields  &  sublimate  of  sesquichloride  of  iron 
and  a  residue  of  sesquioxide,  mixed  with  protochloride  if  the  quantity  of 
chlorine  is  deficient: 

6(FeO,  C0»)  +  3C1  z=  2Fe20»  +  F^C1»  +  6C0«. 

(Wohler,  Ann.  Pharm.  29,  253.)  Hydrochloric  acid  dissolves  iron-spar 
but  slowly,  with  evolution  of  carbonic  acid.  The  mineral  does  not 
dissolve  in  aqueous  hydrochlorate  or  nitrate  of  ammonia.  (Brett.) 
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The  hydrated  salt  is  precipitated,  on  mixing  a  ferrous  salt  with 
carbonate  of  potash  or  soda,  in  thick  flakes,  which,  when  exposed  to  the 
air,  abstract  oxygen  and  evolve  carbonic  acid,  first  assuming  a  dirty 
green  colour,  and  then  changing  to  yellowish-brown  ferric  hydrate. 

It  is  very  difficult  in  preparing  this  substance  (for  medical  purposes) 
to  wash  and  dry  the  precipitate  without  allowing  it  to  undergo  the 
change  just  mentioned,  to  a  considerable  extent. — The  green  vitriol 
used  must  be  perfectly  free  from  ferric  sulphate,  e.  g.,  that  obtained  by 
Bonsdorff's  process, — and  this  salt,  as  well  as  the  nionocarbonate  or  bi- 
carbonate of  soda  or  potash  used  as  the  precipitant,  must  be  dissolved  in 
water  perfectly  freed  from  air  by  boiling.  (Bicarbonate  of  potash  gives 
a  dense  pulverulent  precipitate:  G.  Schmidt.)  The  precipitation  is  per- 
formed as  much  as  possible  out  of  contact  of  air,  with  excess  of  the 
alkaline  carbonate,  and  for  the  most  part  in  the  cold.  Wilkens  and 
Wittstein,  however,  recommend  precipitation  at  a  boiling  heat,  followed 
by  a  quarter  of  an  hour's  boiling,  whereby  the  flocculent  precipitate 
collects  into  a  powder  which  is  easier  to  wash.  If,  however,  the  liquid 
contains  a^  large  quantity  of  carbonate  of  soda,  the  precipitate  turns 
greyish-black  on  boiling.    (Geiger.)     It  is  wasted  witl^  boiling   water 
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either  on  a  cloth  filter,  with  frequent  agitation  and  straining,  and  lastly 
pressed  between  bricks  (Bolle);  or,  bj  Schindler's  method,  in  a  bottle 
with  the  bottom  cut  off  and  bound  round  with  linen,  and  having  a  long 
tube  filled  with  boiled  water  adapted  to  its  mouth,  as  in  Real's  press 
(Wilkeus)j  or  it  is  washed  by  decantation  in  a  stoppered  bottle  kept 
constantly  full  of  water  freed  from  air  by  boiling. — The  precipitate,  after 
thorough  washing,  is  either  quickly  introduced  into  a  bag  of  bibulous 
paper,  and  the  whole  tied  closely  up  in  a  moist  bladder  and  dried  between 
50^  and  60°  (Wilkens);  or  inclosed  in  a  bladder  without  the  paper 
(Daum).  Or  the  precipitate,  after  thorough  washing  by  decantation,  is 
agitated  with  alcohol  instead  of  water,  the  liquid  decanted,  and  the  wet 
mass  introduced  into  a  tubulated  retort,  previously  connected  air-tight 
with  a  receiver  which  has  been  exhausted  of  air  as  completely  as  possible 
by  burning  alcohol  in  it.  The  tnbulus  of  the  retort  having  been  stopped 
and  a  gentle  heat  applied,  the  alcohol  passes  over  and  the  residue 
becomes  dry.  If  too  strong  a  heat  be  applied,  the  carbonic  acid  escapes. 
(Fblix.)  Or  the  moist  precipitate,  after  having  been  covered  with  ether 
in  a  retort,  is  dried  at  a  gentle  heat  in  a  distillatory  apparatus  filled  with 
ether  vapour  (p.  171),  after  which  dry  carbonic  acid  gas  is  then  made  to 
pass  through  the  apparatus;  by  this  treatment,  the  precipitate  is  rendered 
somewhat  less  liable  to  change  by  exposure  to  the  air.  (G.  Schmidt.) 

The  preparation,  when  tolerably  successful,  is  a  greenitsh -white  or 
dark  green,  rather  heavy,  finely  divided,  and  tasteless  powder,  containing 
from  24  to  30  per  cent,  of  carbonic  acid.  When  ignited  out  of  contact  of 
air,  it  yields  water,  carbonic  acid  and  carbonic  oxide,  and  leaves 
magnetic  ferroso-ferric  oxide,  which,  after  cooling  in  air-tight  vessels, 
takes  fire  on  exposure  to  the  air.  The  moist  powder  becomes  perfectly 
dry  after  exposure  to  the  air  for  some  days,  giving  off  carbonic  acid  and 
being  completely  converted  into  ferric  oxide.  When  not  well  dried,  it 
oxidizes  quickly  in  the  air,  becoming  very  hot  and  giving  off  vapour  of 
water.  But  if  mixed  with  sugar  while  in  the  moist  state,  it  acquires  a 
coating  of  syrup  which  renders  it  more  permanent.  (Klauer.)  When 
treated  with  hydrochloric  acid,  it  rapidly  evolves  carbonic  acid.  (Comp. 
J.  A.  Buchner,  Daum,  L.  A.  Buchner,  Wittstein,  F.  W.  Schmid,  Repert, 
16,  235;  41,  279  and  285;  61,  210;  67, 270;  Bolle,  Berl  Jahrh.  33, 1,  124; 
Folix,  JBr.  Arch.  38,  149;  Wilkens,  Klauer,  Ann,  Fkarm.  10,  86; 
19,  129;  Vallet,  J,  Pharm,  24,  289.) 

6.  Acid  salt,  AqiLemis  solution. — Formed  by  dissolving  the  normal  salt 
—or  metallic  iron,  which  dissolves  with  evolution  of  hydrogen — in 
aqueous  otrbonic  acid,  out  of  contact  of  air.  The  colourless  solution, 
which  has  a  slightly  ferruginous  taste,  is  decomposed  with  precipitation 
of  hydrated  ferric  oxide,  ifthe  air  has  access  to  it  even  but  sparingly;  it 
yields  a  black  precipitate  with  hydrosulphuric  acid,  and,  according  to 
Pfaff,  a  purple  precipitate  with  tincture  of  galls.  According  to  Vauquelin 
{J.  Pharm,  13, 266),  the  black  precipitate  with  hydrosulphuric  acid  is  not 
produced  till  the  solution  has  been  exposed  to  the  air  for  some  time;  it 
then  forms  as  the  carbonic  acid  escapes.  To  preserve  chalybeate  water 
in  vessels,  they  must  first  be  filled  with  carbonic  acid  gas,  then  filled 
below  the  surface  of  water  with  the  chalybeate,  and  lastly  corked  under 
water.  A  less  efficient  mode  of  preservation  is  the  introauction  of  iron- 
wire  or  of  4  grains  of  sugar.  In  sugared  chalybeate  water,  hydrosul- 
phuric acid  and  sulphide  of  iron  may  be  detected  after  the  water  has 
been  kept  for  a  year.  (Bischof,  Sckw.  57,  26;  J,  pr.  Chem.  1,  341.) 


222  TMN. 

C.  Ferric  CarbcnaU  f -i-The  precipitate  thiowii  down  b j  alkaliiie 
bonateH  from  ferroiu  galta,  contaitu,  after  thoron^  waeliiag  and  expomre 
10  thin  lay^^rH  to  the  moist  air  of  a  cellar  for  faalf-a-jear,  71  '4  per  cent,  of 
ferric  oxide  (perfectly  free  from  ferrooB  oxide),  8*3  carbonic  acid,  and 
20-0  water.  (Houbeiran,  Ann.  Chim.  Fhys.  44,  326;  also  J.  Fhamu 
16,  524.) — The  precipitate  formed  by  mixing  carbonate  of  potash  with 
nitrate  of  ferric  oxide  confiiats,  after  proper  washing  with  cold  water, 
of  bydrated  ferric  oxide,  perfectly  free  from  carbonic  acid.  (Om.) 

Iroh  and  Bobon. 

According  to  Arfvedson's  experiments,  no  sucb  compound  as  Boride 
of  Iron  appears  to  exist  (vid.  IL,  100).  The  so-called  boride  of  iron 
which  I^Hsaigne  («/.  Chim.  M^d,  3,  535)  obtained  by  igniting  borate  of 
ferric  oxide  in  a  current  of  hydrogen  was  probably  a  mere  mixture  of 
iron  and  boracic  acid.  (Gm.) 

A.  Borate  of  Ferrous  Oxide,  or  Ferrous  Borate. — Borax  added 
to  solution  of  ferrous  sulphate  throws  down  a  pale  yellow  powder,  which 
molts  before  the  blowpipe  to  a  bead  (Scheele),  and  from  which  a  large 

?[U(intity  of  acid  may  be  extracted  by  water.     According  to  Tiinnermann 
Kaatn.  Arch.  20,  21),  the  precipitate  is  greyish-green,  and  gives  up  all 
its  acid  when  washoa. 

B.  Borate  op  Ferric  Oxide,  or  Ferric  Borate. — Yellowish 
powdor  insoluble  in  water:  when  heated,  it  turns  brown  and  afterwards 
fuses  to  a  glass.  (Berzelius,  Lehrh.) 

Iron  and  Phosphorus. 


A,  PnoRPniDB  OP  Iron. — a.  Fe*P. — Found  by  Bergman  (Opusc.  3, 
100)  and  Moyer  in  cold-short  iron,  and  regarded  as  a  peculiar  metal,  for 
which  tho  name  SUiet*um  or  Ilt/drosiderum  was  proposed:  it  was  after- 
wards recognized  as  phosphide  of  iron  by  Meyer,  Klaproth,  and  Scheele. 
—1.  Prepared  by  passin«r  phosphorus  vapour  over  red-hot  iron  filings,  or 
throwing  pieces  of  pho.^phorus  upon  them.  (Hatchett.) — 2.  By  igniting 
iron  filings  with  an  equal  weight  of  glacial  phosphoric  acid,  efther  witb 
or  without  ^\  part  of  charcoal  dust.  (Pelletier.)  Or  by  exposing  8  parts 
t»f  iron  filinirs,  10  bone-earth,  5  fine  quartz-sand,  and  1  charcoal-powder 
to  a  heat  sutticiout  to  melt  the  silicate  of  lime.  (Wohler.) — 3.  By  igniting 
nhosphato  of  ferrous  oxide  with  |  its  weii^ht  of  lamp-black.  With  a 
larger  quantity  of  lump-black,  a  mixture  of  phosphide  and  carbide  of  iron 
is  obtaine*!  ytho  latter  may  be  dissolved  out  by  hydrochloric  acid);  but 
half  of  tho  phosphorus  ahvuys  volatilizes  during  the  operation   (Berzelius.) 

Colour  dark  steel-grey  (H.  Davy);  white,  streaked  on  the  fractured 
surfatvs  (llatchett).  Pulveriiable;  specific  gravity  0*7.  According  to 
Hatchett,  it  is  maguetic  and  may  be  made  polar.  Accordinsr  to  Berzelius, 
on  the  contrary,  it  is  non-magnetic;  hard  and  susceptible  of  polish; 
brittle,  with  granular  fracture;  sometimes  crystallizes  in  prisms  after 
fucuou;  fuses  much  more  easily  than  ca;>t-iron. 

Berxtliu*  ^3.)         PelMier  (2.) 
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When  fused  befoTe  the  blowpipe,  it  slowly  becomes  eovered  with  « 
bla^  slag  of  phosphate  of  iron,  and  gives  up  its  phosphoras  bat  slowly, 
even  in  the  inner  flame.  Not  attacked  by  cold  hydrochloric,  sulphunc, 
nitric,  or  nitro-hydroohloric  acid.  Dissolves  but  slowly  in  strong  nitric 
or  nitro-hydrochloric  acid:  the  former  solution,  if  formed  from  4  parts  of 
phosphide  of  iron,  leaves  on  evaporation  6*5  parts  of  ferric  phosphate. 
(Berzelius.) 

b,  TuKhthiirds  Phosphide, — Fe'P*. — ^Formed  by  passing  phosphnretted 
hydrogen  gas  over  gently  heated  iron  pyrites: 

3FeS2  +  2PH3  =  Fe»P»  +  GHS. 

The  pulvemlent  compound  gives  a  phosphorus  flame  before  the  blowpipe. 
It  dissolves  in  nitric  acid  and  aqna-regia;  but  not  in  hydrochloric  acid 
even  when  concentrated.  (H.  Rose,  Fogg,  24,  333.) 

H.  Rose. 
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3Fe 810     ....     66-33         56'87     —    54*92 

2P  62-8     ....     43-67         4313     —    4508 

Fe^P* 143-8     ....  100-00         ZZ       100-00    —  10000 

B.  Htpophosphite  of  Ferrous  Oxide,  or  Ferrous  Hypophosphtte. 
— Iron  dissolves  in  aqueous  hypophosphorous  acid  out  of  contact  of  air, 
with  evolution  of  hydrogen  ga».  The  solution  evaporated  in  vacuo  yields 
a  light  green,  crystalline  mass  which  when  heated  in  a  retort  behaves  like 
the  zinc-salt.  (H.  Rose,  Fogg.  12,  294.) 

C.  Htpophosphite  op  Ferric  Oxide,  or  Ferric  Hypophosphitb.— 
Hydrated  ferric  oxide  dissolves  sparingly  in  the  cold  acid;  but  without 
reduction  to  the  state  of  ferrous  oxide,  and  forms  a  white  salt  which  is 
difficultly  soluble  in  the  free  acid,  and  when  heated  gives  ofl*  easily 
inflammable  phosphnretted  hydrogen.  On  boiling  the  hydrated  oxide 
with  the  acid,  a  solution  of  ferrous  hypophosphite  is  obtained,  while  ferric 
phosphate  is  precipitated. 

D.  Phosphite  of  Ferrous  Oxide,  or  Ferrous  Phosphite. — Formed 
by  precipitating  green  vitriol  with  terchloride  of  phosphorus  dissolved  in 
water  and  neutralized  by  ammonia — washing  the  precipitate,  which  is 
white,  but  soon  acquires  a  slight  greenish  colour,  with  boiling  water — and 
drying  it  in  vacuo.  During  this  treatment,  the  superficial  portions 
become  oxidized  and  converted  into  brown-red  basic  phosphate  of  ferric 
oxide.  The  filtrate,  when  kept  in  a  close  vessel,  deposits  a  small 
additional  quantity  of  the  salt,  and  then  becomes  slightly  turbid  on 
boiling. — The  dried  salt,  when  ignited  in  a  retort,  gives  off  pure  hydrogen 
gas  with  incandescence  and  leaves  diphosphate  of  ferrous  oxide.  The 
residue  contains  (besides  0*12  p.  c.  of  a  black  phosphorous -compound 
insoluble  in  hydrochloric  acid)  53*65  per  cent,  of  ferrous  oxide  and  46 '35 
phosphoric  acid.  (H.  Rose,  Pogg,  9,  35.) 

E.  Phosphite  op  Ferric  Oxide,  or  Ferric  Phosphite. — Terchloride 
of  phosphorus  mixed  with  water  and  ammonia  yields  with  double 
sulphate  of  ferric  oxide  and  ammonia,  a  white  precipitate  soluble  in 
excess  of  the  iron -salt;  this  precipitate  mu»t  be  washea  with  cold  water 
and  dried  in  vacuo.  The  liquid  filtered  from  the  precipitate  deposits, 
after  long  standing,  a  large  additional  quantity  of  the  salt,  of  a  white 
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colour. — The  wliite  salt  when  heated  to  redness  in  a  retort,  exhibits  a 
gliniinering  light,  gives  off  hydrogen  gas — which  contains  phosphorus 
and  therefore  gives  a  precipitate  with  silver-solution,  but  does  not  take  fire 
spontaneously  in  the  air — and  leaves  a  white  residue  dotted  with  black 
specks.  These  spots  are  due  to  the  presence  of  a  small  quantity  of  a 
black  phosphorus-compound  amounting  to  0*9  per  cent.;  the  hydrochloric 
acid  solution  of  the  residue  yields  a  quantity  of  ferric  oxide  amounting 
to  52'46  per  cent,  of  that  residue,  in  which,  however,  it  existed  partly  in 
the  state  of  ferrous  oxide.  (H.  Rose.) 

F.  Phosphate  op  Ferrous  Oxide,  or  Ferrous  Phosphate.  — 
a.  Terbasic. — Found  in  the  hydrated  state,  as  Blu€  Iron-ore  or  Vivianiie, 
—  Crystalline  system,  the  oblique  prismatic.  Fig,  81,  82,  and  other  forms. 
u*  :  14  =  111°  6';  i  :  7;i  =  125^  18';  Sp.  gr.  2-6.  Softer  than  calcspar. 
Indigo-blue,  producing  a  light  blue  powder;  transparent,  with  a  pearly 
lustre.  Fuses  very  readily  before  the  blowpipe,  with  intumescence  and 
loss  of  water,  forming  a  grey,  shining,  magnetic  bead,  and  imparting  a 
bluish-green  colour  to  the  name.  Boiling  potash-solution  extracts  phos- 
phoric acid  from  it  and  turns  it  black.  Easily  soluble  in  hydrochloric  or 
nitric  acid. 

Earthy  Phosphate  of  Iron,  or  Blue  Iron-earth,  appears  likewise  to 
belong  to  this  head;  as  this  mineral  is  often  white  when  first  dug  up  and 
afterwards  turns  blue  on  exposure  to  the  air,  it  is  probable  that  the 
blue  colouring  is  due  to  the  presence  of  a  certain  quantity  of  ferric 
phosphate. 

3FeO,cPO*  +  8Aq.  a.  i.  c.  d.  e,  f.  g, 

3FeO....1050  ....  4227  ....  41'23  ....  41*0  ....45  ....  42*65  ....  48-79  ....  42  ....  43-0 

PO^    ...  71-4  ....  28-75  ....  31-18  ....  26-4  ....  21  ....  24-00  ....  ....  28  ....  23-1 

8HO....  720....  28-98  ....  27-48  ....  31*0  ....34  ....  25-00  ....  26-26  ....  26  ....  32*4 

Sand  7-90  ....         Mould   4 

APO'.  0-6 ;— Mn-03,  03     09 

248-4  ....100-00  ....  99-89  ....  984  ....100  ....  9955  ....  ....100  ....  99*4 

a,  Vivianite  from  SL  Agnes  in  Cornwall,  according  to  Stromeyer.— 
6.  From  Bodenmais,  according  to  A.  Vogel. — c.  From  the  Isle  of  France, 
according  to  Fourcroy  &  Laugier. — d.  From  the  MuUica  Hills,  New 
Jersey  (the  so-called  MullicUe),  according  to  Thomson. — e.  From  Kertsch, 
in  the  Crimea,  according  to  Segeth.  — /.  Blue  Iron-earth  from  the 
Hagenbruch,  near  Brunswick,  according  to  Wiegemann. — g.  Blue  Iron- 
earth  from  AUeyras,  according  to  Berthier. 

A  pit  in  a  town  had  been  filled  for  centuries  with  heaps  of  bones, 
wood,  gneiss,  &c.  On  the  carbonized  pieces  of  wood,  and  likewise  on  the 
micaceous  laminse  of  the  gneiss  (which  contained  iron),  but  not  on  the  other 
constituents  of  it,  were  seen  white  crystals  of  ferrous  phosphate  which 
turned  blue  on  exposure  to  the  air. — Iron  plates  immersed  in  aqueous 
phosphate  of  ammonia  become  covered  with  white  crystalline  ferrous 
phosphate. — If  the  arm  a  of  the  bent  tube  (App,  4)  contains  solution 
of  blue  vitriol,  together  with  a  copper  rod,  the  arm  6  containing  phosphate 
of  soda  with  an  iron  rod,  and  if  the  two  liquids  are  separated  at  h  by 
moist  clay,  and  the  iron  is  placed  in  connexion  with  the  copper,  white 
crystalline  nodules,  which  quickly  assume  a  fine  blue  colour  on  exposure 
to  the  air,  are  formed  upon  the  iron.  (Becquerel,  Anti,  Chlm,  Fhys.  54, 
149.) — IT  Some  iron  nails  found  in  the  stomach  of  an  ostrich  and  partly 
enveloped  in  black  animal  matter,  became  covered,  after  several  days' 
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exposure  to  the  air,  with  blue  spots,  which  appeared  to  arise  from  the 
formation  of  triphosphate  of  ferrous  oxide  (vivianite).  (Schlossberger, 
Ann,  Ch,  Pharm,  62,  382.)  Hardinger  (J,  pr.  Ghent.  44,  81)  mentions 
the  occurrence  of  crystallized  Vivianite  in  the  hollow  of  a  bone  in  the 
skeleton  of  a  miner  found  in  an  old  working  at  Tamowitz.  IT 

h,  Bihasic  ? — Ordinary  diphosphate  of  soda  gives  a  white  precipitate 
with  ferrous  salts.  The  precipitate  acquires  a  dirty  bluish-green  colour 
on  exposure  to  the  air.  It  fuses  readily  before  the  blowpipe,  and  solidi- 
fies in  a  crystalline  mass  on  cooling  :  it  is  not  reduced  to  the  state  of 
phosphide  of  iron  when  heated  on  charcoal  alone,  but  only  on  the  addition 
of  carbonate  of  soda.  (Berzeiius.)  It  is  insoluble  in  water  and  in  ammo- 
niacal  salts,  but  dissolves  in  aqueous  acids  and  in  ammonia.  The  solution 
in  ammonia  is  of  a  dingy-yellow  colour;  and  when  exposed  to  the  air, 
exhibits  first  a  greenish,  and  then  a  brownish  turbidity. 

c.  Acid  Phosphate, — Aqueous  phosphoric  acid  dissolves  iron  with 
evolution  of  hydrogen  gas,  rorming  an  acid  salt  at  first,  but  afterwards 
the  more  neutral  salt  is  deposited  in  the  form  of  a  greyish-white  substance. 
(Scheele.)  The  solution  yields,  with  ammonia,  a  greenish  precipitate, 
soluble  in  excess  of  ammonia.  (A.  Vogel.) 

IT  G.  Pyrophosphate  op  Ferroits  Oxide,  or  Ferrous  Pyro- 
phosphate.— A  ferrous  salt  mixed  with  pyrophosphate  of  soda  yields  a 
white,  amorphous  precipitate,  which,  when  exposed  to  the  air,  immediately 
turns  green,  and  afterwards  brown.  (Schwarzenberg,  Ann,  Pharm.  65, 
153.)  IT 

H.  Phosphate  op  Ferric  Oxide,  or  Ferric  Phosphate. — a.  Poly- 
basic. — Remains  in  the  form  of  a  red-brown,  somewhat  fusible  powder^ 
when  the  sesquiphosphate  is  boiled  with  caustic  potash.  (Fourcroy  & 
Vauquelin.) 

LimoniUyBog Iron-ore {Raseneisenstein, Sumpferz,  Wiesenerz). — Brown, 
with  conchoidal  fracture,  fusing  at  the  edges  before  the  blowpipe.  A 
mixture  of  bibasic(  ?)  phosphate  of  ferric  oxide,  silicate  of  ferric  oxide, 
humus-like  ferric  oxide,  hydrated  ferric  oxide,  quartz-sand,  &c.  in  variable 
proportions.  The  quantity  of  phosphoric  acid  in  it  varies  from  1*8  to 
1 1  per  cent. 

b.  Bibasic, — «.  Ore  from  the  Dpt.  de  la  Haute  Vienne.  Brown  needles 
arranged  in  radiated  masses,  producing  an  olive-green  powder,  and  fusing 
before  the  blowpipe  to  a  black  opaque  glass.  (Vauquelin,  Ann,  Ghim. 
Phys.  30,  202.)  Of  similar  nature  is  Green  Iron-stone,  (Karsten,  in  his 
Archiv.  15,  243.) 


Vauqaelin. 

Karsten. 

2Fe?08 

1560 

....     61*32 

56-20 

•  ••• 

63-45 

MnO    

• 

••t«                                          •• 

6-76 

P0» 

71-4 

....     28-07 

27-84 

•  ■•• 

27-72 

3HO    

27-0 

....     10-61 

9-20 

•  «*• 

8-56 

2Fe»0«,  P05  +  3Aq 

1.       254-4 

....  10000 

100-00 

•  ■■• 

99-73 

fi.  Ore  from  Berneau,  in  the  district  of  Liege.  Kidney-shaped,  with 
a  conchoidal,  waxy  fracture.  Sp.  gr.  1-85.  Blackish,  reddish,  or  yellow- 
ish brown;  yields  a  brownish-yellow  powder.  Translucent  at  the  thin 
edges.  Decrepitates  before  the  blowpipe,  and  yields  a  grey,  magnetic 
bead.  Falls  to  pieces  in  water;  easily  soluble  in  dilute  hydrochloric  acid* 
(Delvaux,  Btdl  de  VAcad,  de  BruxeUes,  1838, 147;  Dnmont,  Pogg.  47, 496.) 
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In  tbe  analyses,  an  admixture  of  10  or  11  per  cent,  of  carbonate  of  lime 
and  between  0*5  and  3*6  of  silica  bas  been  deducted. 

Delyaiut.]  Dumotit. 

Jpproximate  Caleulaiion.  Slaei-hrown.   Bed-hrmon. 

2Pc»0»    156-0     ....     38-29       ....      40-44     ....    36-62       ....       3419 

P0»     71-4     ....     17-53       ....       18-20    ....     1657      ....       J604 

20HO 1800     ....     44-18       ....      41-13    ....    46-81       ....      4977 

2Pe»O»,PO»  +  20Aq.     407-4     ....  100-00      Z      9977    ....  10000      ....     10000 

Berauniie,  wbicb  crystallizes  in  ill-defined  rbombio  prisms,  contains  a 
tolerably  large  quantity  of  water,  together  with  ferric  phosphate  free  from 
ferrous  oxide.  Sp.  gr.  2*878.  Colour,  h3racinth-red;  translucent,  with  a 
pearly  lustre.  Fuses  readily  before  the  blowpipe,  and  dissolves  easily  in 
hydrochloric  acid,  leaving  only  a  trace  of  silica.  (Breithaupt  &  Plattner^ 
•/.  pr,  Chem.  20,  66.) 

On  Karphosiderite,  vid.  Breithaupt.  (Sckw,  50,  314.) 

Melanchlore  from  Rabenstein,  which  has  a  density  of  3-38,  fuses  readily 
before  the  blowpipe  into  a  black  magnetic  bead,  and  is  easily  soluble  in 
warm  hydrochloric  acid.  Contains,  besides  impurities,  about  3 '87  per 
cent,  of  ferrous  oxide,  38*9  ferric  oxide,  and  from  25-5  to  30-3  phosphorio 
acid.  (Fuchs,  J.  pr,  Chem.  17,  171.) 

c.  /Setquiphospkate, — By  precipitating  sesquichloride  of  iron  with 
ordinary  diphosphate  of  soda: 

2Fe»Cl»  +  3{2NaO,cPO»)  =  2Fe20»,  3cP0*  +  6NaCl. 

This  calculation,  however,  is  not  in  accordance  with  A.  VogeFs  analysis, 
which  gives  37  per  cent,  ferric  oxide,  38  acid,  and  24  water.  The  white 
flocculent  precipitate  retains  its  colour  when  dry ;  but  at  a  red-heat  it 
gives  off  water,  turns  yellow,  and  afterwards  fuses  to  a  grey  bead.  (Berg- 
man, Opusc.  3,  118.)  With  carbonate  of  soda  upon  charcoal,  it  yields 
phosphide  of  iron.  (Berzelius.)  Caustic  potash  immediately  colours  the 
precipitate  red-brown,  by  withdrawing  the  greater  part  of  its  acid,  but 
does  not  dissolve  any  ferric  oxide.  Ammonia  exhibits  the  same  reaction, 
provided  no  phosphate  of  soda  is  present  in  excess;  in  tbe  latter  case,  the 
ammonia  turns  the  precipitate  brown  and  then  dissolves  it,  forming  a  red- 
brown  solution.  The  ammoniacal  solution  remains  clear  when  mixed 
with  ferrocyanide  of  potassium,  but  yields  Prussian  blue  on  the  addition 
of  an  acid.  (H.  Rose,  Pogg.  43,  587.)  The  salt  can  only  be  separated 
from  the  ammoniacal  solution  by  evaporation.  (Dobereiner,  Sckw.  26, 
271.)  Carbonate  of  ammonia  likewise  dissolves  the  precipitate.  (Berze- 
lius, Pogg.  27,  131.)  When  immersed  in  carbonate  of  soda,  it  slowly 
acquires  a  red- brown  colour,  and  dissolves  partially  in  a  large  excess  of 
the  liquid.  (H.  Rose.)  The  salt  dissolves  in  1500  parts  of  boiling:  water, 
and  easily  iu  dilute  acids.  (Bergman.)  It  does  not  dissolve  in  cold  acetic 
acid,  or  in  aqueous  ammoniacal  salts.  (Wittstein,  Report.  63,  224.)  The 
freshly  precipitated  salt  dissolves  slowly  in  warm  aqueous  sulphurous  acid 
or  sulphite  of  ammonia,  the  ferric  oxide  being  reduced  to  the  state  of 
ferrous  oxide.  (Berthier.) 

d.  Bipho9phate  ? — The  solution  of  the  salt  c  in  aqueous  phosphoric 
acid,  when  kept  for  a  year  in  close  vessels,  yields  small,  translucent,  taste- 
less cubes,  having  a  vitreous  lustre  (sometimes  with  a  pale  rose-colour, 
arising  from  the  accidental  presence  of  manganese).  When  heated,  they 
give  off  water,  and  leave  a  dirty  white,  opaque  mass,  which,  at  a  bright 
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red  heat,  fnsefl  to  a  f^y  slag.  Thej  are  insolnble  in  water,  bat  dissolve 
in  ammonia,  forming  a  red  solution,  and  very  easily  in  hydrochloric  acid, 
forming  a  light  brown  solution.  (Winckler,  HepeH.  38,  197.) 

Approjrimate  Calculation.  Winckler. 

Fe^O*    780       ....       26-63 250 

2P0*    142-8       ....       48-77  52-5 

8HO     720       ....       24-60  22'5 

Fe20»,2PO»  +  8Aq 292*8       ....     10000        !Z7!       1000 

IT  I.  Pyrophosphate  op  Ferric  Oxide,  or  Ferric  Ptrophosphatb. 
— Obtained  by  dissolving  sublimed  sesquichloride  of  iron  in  water,  and 
precipit-ating  by  phosphate  of  soda;  the  supernatant  liquid  is  neutral. 
Nearly  white  powder,  having  a  slight  yellowish  tinge,  which  deepens  at 
100^,  and  becomes  lighter  again  after  ignition.  Dissolves  in  acids  and  in 
phosphate  of  soda,  likewise  in  ammonia;  in  the  latter  it  forms  a  yellow 
solution.  Insoluble  in  hydrochloric  acid,  sulphurous  acid,  and  sal- 
ammoniac.  On  dissolving  it  in  hydrochloric  acid  without  boiling,  and. 
precipitating  by  ammonia,  the  precipitate  dissolves  completely  in  excess 
of  ammonia.  Carbonate  of  ammonia  dissolves  it,  forming  a  colourless 
solution,  whereas  the  ordinary  phosphate  forms  a  yellow  solution.  It  is 
completely  decomposed  by  fusion  with  a  mixture  of  carbonate  of  soda  and 
carbonate  of  potash.  The  salt,  after  drying  at  100®,  lost  by  ignition 
17*66  p.  c.  of  water,  and  the  ignited  salt  was  found  to  contain  41*7 
Fe^O'  +  58-3  PO*.  These  numbers  accord  with  the  formula  2Fe»0',36PO« 
+  9  Aq. 

Acid  sesquichloride  of  iron,  precipitated  by  pyrophosphate  of  soda^ 
yields,  not  pyrophosphate  of  ferric  oxide,  but  an  ordinary  phosphate, 
containing  1  atom  of  base  to  1  atom  of  acid;  in  100  parts  :  61*66  Fe^0'  + 
48*34  PO^  This  salt,  when  boiled  with  ordinary  phosphate  of  soda,  does 
not  yield  pyrophosphate  of  soda,  as  is  the  case  with  the  preceding. 
(Schwarzenberg,  Ann.  Pharm,  Q5,  153.) 

K.  Metaphosphate  of  Ferric  Oxide,  or  Ferric  Metaphosphatb. 
•—Formed  by  mixing  sesquichloride  of  iron  with  excess  of  dilute  phos- 
phoric acid,  evaporating  to  dryness,  and  heating  the  residue  in  a  platinam 
capsule  to  31 6^  White  powder,  insoluble  in  water  and  in  dilute  acids, 
but  soluble  in  strong  sulphuric  acid.  Contains  26*35  per  cent,  of  Fe'O', 
corresponding  to  the  formula,  Fe*0',3P0*.  (Maddrell,  Ann,  Pharm,  61, 
59.)  t 

IrOK  and  StTLPBTTR. 

A.  Onb-eightr  St7Lphidb  OP  Iron. — Fonned  by  passing  hydrogen 
gas  over  red-hot  disulphate  of  ferric  oxide;  water  is  formed,  sulphurous 
acid  and  a  large  quantity  of  hydrosulphurio  acid  given  off, — and  there 
remain  59*52  parts  of  sulphide  of  iron  for  every  100  parts  of  the  dry  salt 
used.  Blackish-grey  powder,  producing  a  grey  metallic  streak.  Contains 
27  parts  of  iron  to  2  pts.  sulphur.  When  treated  with  dilute  acids,  it 
yields  7  volumes  of  hydrogen  gas  to  1  volume  of  sulphuretted  hydrogen. 
(Arfvedson,  Pogg,  1,  72.) 

B.  DisuLPRiDE  OP  Iron.— ^100  parts  of  anhydrous  sulphate  of  fertoutf 
oxide,  decomposed  by  hydrogen  gas  at  a  red  heat,  yield  at  first  sulphurous 
acid  and  water,  then  hydrosulphurio  aoid,  and  leave  46*74  parts  of  disul« 
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/^,^v^^^/'<  '*#  ^/n^/^y  ^M.oy,f>>#,  ie//>/,<rt;wi^  iffrm*A  hj  the  rcdociiif 
^/f    jf*th*i/th^    hfi/i*ht*'.   UA}*n   *n%    f^rrtoHM  nu\]p\t2kie  contained   in 
¥ff*h  ^M,     ]m  ttt,'U  f  nu^U  t'^ft-mn^UttuAtn  it  in  aIwzjb  mixed  witK  m 
^f<|j/^*^l^.   /iJ^f//  Imiii  ;     tit'itU'A  UhU'Whfi  humn  viridly  in  sniphnr  ^ 
/M,  y^l;       A  utiitlutu  hf  iiituiU'iUi(n  and  nulphur  glows  vindly  when 
hnihM      fiu\\i\inr  |»f^«  ^'l  Hi(itiui*i  rMhoi  bar-iron  (not  cast-iron)  per- 
|>.fM<'.M  U   \iy  tnimttiu  t^u\\iUM  of  iron.    (Kvain,  Ann.  Chim.  Phys.  25, 
inih  tiUn  ,'iJiW   Hi  Jim.)     I'rri.anUion.     I.  Iron-plate  cut  into  atnps  is 
^Milly  ImmImI  III  »»  n'Vi«r««l  lUiK^ilili'  with  milpliur  not  in  excess,  and  the 
n.HiiKiMi^  «ul|il«l«li'  mi|MirHhMl  liy  IipihIiiik  tlio  iron.     Sulphide  of  iron  thus 
nhiMliii.*!  Itt  1m«ii  from   «.»roM«'  of  milnliur.     If  the  heat  applied  is  too 
MhMiijj,  IIh'  «iiil|»l»l«l««  fuft»"<  topollior  with  tho  remaining  iron;  if  the  sul- 
}i)m(I  i- 1im'h»'i'«'1,  luiiKiH'lio  pvi'itort  Ik  fumiod.  (Bcrzolius.)— ;-2.  By  ignit- 
\\\\\    \\m  llllHH'<   wUh   twulhihU  thoir  weight  of  sulphur  in  a  coreied 
witlhmt  Ml  »♦»•»»  liHU  oiuolliK».     Tho  irou-fllingH  are  either  disposed  in  a 
U\\^\  iiho\M  iho  fculiihiir  or  tho  two  aro  mixed  (II,  221,  a  and  6).     In 
vllhoi  *'•»""»  tl^o  iMuoiMo  i«  »»urh»uuilotl  uuil  covered  with  dead  coals,  and  a 
{v\\  llNO  »»mhU  hiUl  upou  iho  top:  US4  mum  jvs  tho  whole  is  red-hot,  the 
yW\  Ml  {W  iMumw  i*oloHCil  O*^^^*'*^  »'«  i'^^y^^  *^^  271.)— 3.  Sulphur  is 
\\\\\\\  ww^ww'^K  H  tv\l  h\^t  iiH^u  ku\  ttud  tho  sulphide  of  iron,  as  it  runs  off, 
hIIv^wnnI   to  \\\\^y^  i^^to  \^»t*^ri  or  a  l>4ir  of  ir\m  i?«  repeatedly  heated  to 
whsivvkv*^**  f^ivvi  vl«ppod  uito  molt^nl  sulphur  wutaineil  inaca$t>iron  crucible- 
uo\(  t\ovi^u*utl^v  vvuoNWsl.  ^V»{*hw,V-4^  A  tJuoly  divided  mixture  of  seale- 
\^\\\U^  v^t  v^N^^v^ovl  suiphuv  ^*  h%vit\\l  to  rvNhuNSi?. — 5.  Iron  pyrites  b  heated 
^vK  \>sU«vvvi,  vuhs^^r  .'^V^H*  or  >*'(K  a  *iiMU  ^u^utity  of  iron-lincsrsL 
vkkN.Kvsl*  V.  A  4x   >*>«vl  x^  Wv\\  I  kow»^\*  \u'vvl  iho  fv^IlowiniT  sulphar 
iv,vwuxi    vsvu>v  pv^Uxl'^^^  ts*  Y«\«4i»v':v  p\r»;c^;  biit  wrca  :tu^vh.:dit  of  i 
lk.>4N>^  »  ''  *»  ;;.  >n\x.  *;'0  i\w  sv  ;v\  ctv^v;\;  v^  to  I^rvvisX^"^x-  auw;iT^  coMfiifftw  rf 
^vyv^xv  ./\ 'v  vU^  oJ  v,vi»      ;k  t^v  -^^   v.'^  ,i:»>\vlrvu;?  :cr^»ife?  soIphAGe  in  & 
vxmn.>v^   '^nsI  Mk  ^  vvM>\v\t^      C**o  v-^Ni  avc  *.v:.:;iiSx   Q.'weTvr,  only  M 
vs^  >\  ••   N^'    X,,'-  S.^   '  Vo'*  no  ^i'^rv  v»*  \NS?<^c:Ar*>'a      'V«d:er.  J  i/i.  '/mil. 
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(Bredberg,  Pogg,  17,  271.) — ^When  iron  pyrites  is  ignited  in  a  current  of 
hydrogen  gas,  the  protosulphide  is  obtained  in  the  form  of  a  blackish- 
grey,  non-magnetic  powder,  which  dissolves  in  hydrochloric  acid  without 
separation  of  sulphur,  and  at  the  same  time  gives  off  pure  hydrosul- 
phuric  acid  gas.  (H.  Rose,  Fogg,  5,  533.)  The  protosulphide  obtained 
by  igniting  magnetic  pyrites  in  hydrogen  gas  is  non-magnetic.  (Count 
Schaffgotsch.) 

Bnchob  &     Vaa- 
Proust.     Berzellus.       Hatchett.  Gehlen.       quelin. 

Fe  .,..    27     ....     62-79    ....    625     ....     63     ....     63  to  63-5     ....     63-4    ....     78 
S 16     ....     3721     ....     37-5     ....     37     ....     37   „  365     ....     36'6     ....     22 

FcS....    43    ....  100-00    ....  100-0     ....  100    ....  100  „  100-0     ....  100-0    ....  100 

Protpsulphide  of  iron  gives  off  no  sulphur  when  heated,  even  to  white- 
ness^ in  a  close  vessel;  and,  when  raised  to  a  white  heat  in  a  charcoal 
crucible,  it  increases  but  slowly  iri  weight.  (H.  Rose.) — When  gently 
heated  in  the  air,  it  is  partly  converted  into  sulphate  of  ferrous  oxide; 
but  at  a  stronger  heat,  sulphurous  acid  is  evolved  and  ferric  oxide  remains 
behind.  With  nitrous  acid  it  evolves  nitrous  gas,  ferric  oxide  and  sul- 
phuric acid  being  formed  and  sulphur  separated. — It  dissolves  in  dilute 
sulphuric  or  hydrochloric  acid,  with  evolution  of  pure  hydrosulphuric 
acid  gas  perfectly  soluble  in  caustic  potash,  and  without  separation  of 
sulphur.  (Berzelius.) — Aqueous  vapour  passed  over  red-hot  sulphide  of 
iron  converts  it,  with  evolution  of  much  hydrogen  and  sulphuretted 
hydrogen  gas,  into  a  black  and  partly  magnetic  mass.  The  water  forms 
with  the  sulphide  of  iron,  hydrosulphuric  acid  and  ferrous  oxide,  which, 
by  further  decomposition  of  water,  yields  hydrogen  gas  and  ferroso-ferrio 
oxide;  but  a  portion  of  the  sulphur  remains,  even  after  three-hours* 
ignition.  (Regnault,  Ann.  Chim.  Fkys.  62,  379.) — Chlorine  gas  does  not 
decompose  cold  sulphide  of  iron;  but  that  compound,  when  heated  in  the 
gas,  yields  chloride  of  sulphur  and  sublimed  sesquichloride  of  iron. 
(H.  Kose,  Fogg,  42,  540.) — Protosulphide  of  iron,  heated  to  low  redness 
with  once  or  twice  its  weight  of  carbonate  of  soda  or  potash,  fuses  into  a 
black,  crystalline,  highly  magnetic  mass,  from  which  water  extracts 
fiulphide  of  sodium  or  potassium,  with  a  trace  of  sulphuric  acid.  43  pts. 
{1  At.)  of  sulphide  of  iron  heated  to  whiteness  in  a  charcoal  crucible 
with  53  pts.  (1  At.)  of  dry  carbonate  of  soda,  yields  21  parts  of  cast- 
iron  and  a  black  laminar  slag.  Baryta  and  lime  behave  in  the  same 
manner,  only  that  the  viscidity  of  the  slag  prevents  the  iron  from  fusing 
into  a  mass.  (Berthier,  Ann,  Chim.  Fhj/s.  31, 170.)  When  protosulphide 
of  iron  is  fused  with  30  times  its  weight  of  protoxide  of  lead,  the  whole 
o£  the  sulphur  is  given  off  in  the  form  of  sulphurous  acid,  metallic  lead  is 
separated,  and  a  fused  mixture  of  protoxide  of  iron  and  protoxide  of  lead  is 
produced.  1  part  of  sulphide  of  iron,  heated  with  5  parts  of  litharge,  boils 
:up,  fumes,  and  forms  a  pasty  semifluid  mass,  which,  on  cooling,  solidities  into 
A  metal-grey,  homogeneous,  highly  magnetic  slag,  containing  sulphide  of 
iron  and  sulphide  of  lead. — With  10  parts  of  litharge,  the  mixture  swells  up 
JBtrongly,  becomes  very  fluid,  and  yields  3*6  parts  of  lead,  together  with 
a  metal-black,  magoetic  slag.  With  25  parts  of  litharge,  the  mixture 
yields  6*7  parts  of  lead  and  a  dense,  glassy,  red,  transparent  slag.  A 
mixture  containing  30  pwJs  of  litharge,  yields  7  parts  of  tolerably  pure 
lead,  and  the  slag,  whichhap  the  same  appearance  as  that  last  mentioned, 
no  longer  contains  any  meta^ic  sulphide.  (Berthier,  Ann.  Chirn,'  Phy9, 
-59,  253.)  *   '       ' 
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Hydrated  Protasulphide  of  Iron,  or  Ifydrosulphate  of  Ferrous  Oxide. 
1.  Alkaline  hjdrosnlphates  form  with  ferrous  salts  a  black  flocculent 
precipitate. — 2.  Twenty-seven  parts  of  iron-filings  and  16  parts  of  sulphur 
made  into  a  paste  with  water,  and  kept  out  of  contact  of  air,  aggregate 
into  a  black  mass,  with  strong  evolution  of  heat;  this  effect  takes  place 
more  quieklj  on  the  application  of  heat. — 3.  Iron-filings  in  contact  with 
sulphuretted  hydrogen  water  liberate  hydrogen  gas  almost  free  from 
sulphur,  and  turn  black;  part  of  the  resulting  hydrosulpbate  of  ferrous 
oxide  dissolves  in  the  water.  ( Vauqnelin.) — The  black  compound  oxidates 
quickly  in  the  air,  forming  water,  ferric  oxide,  and  sulphur  or  sulphuric 
acid;  and,  even  if  it  be  kept  for  several  weeks  before  being  exposed  to 
the  air,  the  action  is  attended  with  an  evolution  of  heat,  which,  if  tho 
mass  is  considerable,  may  even  produce  inflammation.  The  Artificial 
Volcanos  of  L emery  are  formed  by  mixing  several  pounds  of  iron-filings 
with  ^  to  1^  of  its  weight  of  sulphur,  making  the  mixture  into  a  paste 
with  water,  and  burying  it  in  the  ground. — Hydrated  protosulphide  of 
iron  decomposes  the  salts  of  cadmium,  lead,  copper  and  silver,  precipitat- 
ing the  metals  as  sulphides.  (Antbon.) — Tt  dissolves  in  dilute  acids  much 
more  quickly  than  the  anhydrous  sulphide,  and  with  violent  evolution  of 
sulphuretted  hydrogen. — It  dissolves  in  small  quantity  in  water  (espe- 
cially in  hot  water :  Berzelitu),  forming  a  solution  which  has  a  dark  green 
colour  and  inky  taste.  (Vauquelin,  S(^r,  J.  6,  63;  also  GUb,  9,  42.) 
The  presence  of  hydrosnlphuric  acid  or  hydrosulpbate  of  ammonia  in  the 
water  prevents  the  solution;  and  any  sulphide  of  iron  previously  dissolved 
in  pure  water  is  precipitated  on  the  addition  of  hydrosulpbate  of  ammonia 
and  the  application  of  heat.  (Berzelius.)  According  to  later  investigations 
of  Vauquelin  (J.  Pharm,  13,  266),  iron-filings  and  sulphuretted  hydrogen 
water,  placed  together  in  a  close  vessel  for  four-and-twenty  hours,  yield, 
after  filtration,  a  colourless  solution  which  blackens  quickly  on  exposure 
to  the  air.  According  to  0.  Henry  (J.  Pharm,  24,  118),  when  a  solution 
of  green  vitriol  is  precipitated  with  excess  of  aqueous  sulphide  of  calcium, 
a  small  quantity  of  iron  still  remains  dissolved. 

The  olack  mud  at  the  bottom  of  drains  contains  hydrated  sulphide  of 
iron,  probably  formed  by  the  putrefaction  of  organic  substances  in  contact 
with  the  ferric  oxide  of  earthy  matters,  and  to  this  it  owes  its  black 
colour  and  peculiar  smell.  Hence,  when  exposed  to  the  air,  it  loses  it« 
odour  and  colour,  and  afterwards  resembles  ordinary  vegeUible  mould. 
With  hydrochloric  acid  it  evolves  abundance  of  sulphuretted  hydrogen; 
to  boiling  potash  it  gives  up  sulphuretted  hydrogen  together  with  organic 
matter.  The  black  colour  of  the  soil  in  privies,  pits,  ponds  and  morasses, 
and  of  the  sand  between  the  pavement  of  streets  [also  of  f»ces  after  the 
administration  of  medicines  containing  iron]  is  likewise  due  to  hydrated 
sulphide  of  iron.  (Braconnot,  Ann,  Chim,  Phys.  50,  213.) 

D.  Eight-sevenths  Sulphide  of  Iron. — Found  native  in  the  form 
of  Magnetic  Pyrites,  This  mineral  crystallizes  in  forms  belonging  to 
the  hexa^fonal  system.  /V^«.  132,  135,  136,137,  138  and  others,  pir 
{Fig,  132)  =  102°  13';  p  :r  (Fig,  136)=:105°.  Cleavage  parallel  to  p. 
Harder  than  calcspar;  sp.  gr.  4*5  to  4'7;  brittle;  with  conchoidal  frac- 
ture. Colour  varying  from  bronze-yellow  to  brown ;  powder  greyish- 
black.  Acted  on  by  the  magnet,  and  often  itself  magnetic.  According 
to  Berzelius,  it  does  not  give  off  sulphur  when  ignited  out  of  contact  of 
air.  Fuses  on  charcoal  before  the  blowpipe,  forming  a  greyish-biaok, 
strongly  magnetic  globule.     When  roasted  in  the  state  of  fine  powder,  it 
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ia  converted  into  pnre  ferric  oxide.  When  ignited  in  a  current  of  hydro- 
gen gas,  it  loses  so  mnch  sulphur  that  it  is  converted  into  the  proto- 
sulphide.  (The  same  result  was  obtained  by  Plattner,  Pogg.  47,  369.) 
It  likewise  gives  up  its  excess  of  sulphur  to  boiling  caustic  potash,  while 
a  mass  resembling  the  hydrated  protosulphide  remains  behind.  (Count 
Schafigotsch,  Pogg,  50,  533.)  When  heated  to  whiteness  in  a  charcoal 
crucible,  it  diminishes  in  weight  but  slowly.  It  exhibits  the  same  decom- 
positions as  the  protosulphide,  excepting  that,  when  it  is  dissolved  in 
dilute  hydrochloric  or  sulphuric  acid,  not  only  is  hvdrosulphuric  acid 
gas  evolved^  but  sulphur  is  likewise  precipitated  in  the  form  of  powder. 
(8tromeyer.)  The  separated  sulphur  is  dark  grey,  because  it  contains 
undecomposed  sulphide  of  iron.  (Schafigotsch.) 

According  to  Berzelius,  the  same  compound,  and  not  the  proto- 
sulphide, is  formed  by  igniting  iron  or  the  scale-oxide  with  excess  of 
sulphur,  by  heating  iron  pyrites  to  redness,  and  by  igniting  the  one-eighth 
sulphide  or  the  disulphide  of  iron  in  hydrosulphuric  acid  gas.  —  The  arti- 
ficial compound  is  brownish  bronze-yellow  and  susceptible  of  magnetic 
action,  and,  according  to  Hatchett  {GUb,  25,  58),  may  likewise  be  ren- 
dered permanently  magnetic. 

Schafigotsch.       H.  Rose.         StroEoeyer. 
Magnetic  Pyriiei,  Bodcnmaif.  Pirewburg. 
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For  analyses  of  magnetic  pyrites^  in  which  a  small  part  of  the  iron  is  replaced  \xf  ak^al, 
vid,  Tb.  Scheerer  (Pogg,  58,  318),  and  Berzelius  {Jakretber,  21.  2, 184). 

E.  SB8<iinsuLPRiDE  OF  Iron,  or  Ferric  Sitlfhidb. — 1.  Formed  by 
heating  protosulphide  of  iron  mixed  with  snlphur  to  very  low  redness, 
till  the  excess  of  sulphnr  is  expelled.  (Proust,  Scher,  J.  10,  54;  also  GUb. 
25,  54.  Bucholz  &  Gehlen,  /^.  GM.  9,  2»1.) — 2.  By  passing  hydrosul- 
pbnric  acid  gas  over  ferric  oxide  heated  not  above  100",  as  long  as  water 
continnes  to  be  formed.  The  transformation  ^oes  on  without  any  altera- 
tion of  form;  the  artificial  hydrated  sesquioxide  is  decomposed,  even  at 
ordinary  temperatures,  with  slight  evolution  of  heat,  only  requiring  the 
heat  of  a  water-bath  towards  the  end  of  the  operation ;  the  moisture  is 
afterwards  driven  off  in  yacuo.  (Berzelius.) — Greenish-yellow  (Proust); 
yellowish-grey  (Bucholz  &  Gehlen,  Berzelias);  acquires  a  higher  polish 
under  the  burnishing  steel,  and  when  gently  heated  in  vacuo,  becomes 
yellower  and  more  lustrous  (Berzelius).  Magnetic,  according  to  Proust; 
non-magnetic,  according  to  Berzelius. 

Proust.  Bucholz  &  Gehlen. 
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By  stronger  ignition  it  gives  off  sulphur,  and  is  reduced  to  the  eight- 
f  eventhe  snlphide.     In  the  dry  state  it  remains  unaltered  in  the  air;  bat 
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if  exposed  while  yet  moist — as  in  the  state  in  which  it  is  obtained  by  the 
action  of  surphnretted  hydrogen  on  ferric  oxide  at  ordinary  temperatures 
— it  is  completely  converted,  in  the  course  of  a  few  hours,  into  a  mixture 
of  ferric  oxide  and  sulphur.  By  dilute  hydrochloric  or  sulphuric  acid,  it 
is  converted  into  sulphuretted  hydrogen,  a  ferrous  Milt,  and  bisulphide  of 
iron,  which  latter  still  retains  the  form  of  the  sesquisulphide;  but,  so  long 
as  it  remains  moist,  may  be  reduced  by  pressure  to  the  finest  powder. 
(Berzelius.) 

Hydrated  Sesquisulphide  of  Iron,  or  ffydrosulphate  of  Ferric  Oxide. 
—Formed  by  dropping  an  aqueous  solution  of  a  ferric  salt  into  an 
excess  of  alkaline  hydrosulphate.  If,  on  the  contrary,  the  alkaline 
hydrosulphate  be  dropped  into  an  excess  of  the  ferric  salt,  sulphur  is  first 
precipitated  and  a  ferrous  salt  produced,  from  which  an  additional  quan- 
tity of  alkaline  hydrosulphate  throws  down  hydrosulphate  of  ferrous 
oxide. — Black  precipitate,  which  oxidizes  quickly  in  the  air,  (Berzelius.) 

F.  Bisulphide  op  Ikon. — Found  in  nature  as  Iron  Pyrites  {SchwefeUdes 
or  Eisenldrs),  and  as  White  Iron  Pyrites,  Radiated  Iron  Pyrites,  or  (7ocfo- 
eomh  Pyrites  {StraMkies,  Wasserhies,  or  Speerhies),  Each  of  these  varieties 
of  iron  pyrites  is  often  produced  by  the  action  of  organic  substances  on 
water  containing  iron,  together  with  salts  of  sulphuric  acid.  On  a  sand- 
heath  overgrown  with  Erica — the  root-stratum  of  which  smelt  strongly  of 
hydrosulphuric  acid — portions  of  the  Arundo  Phragmites  were  found  to 
be  partially  covered  with  steel-grey  laminsd  and  crusts  of  a  sulphide  of 
iron  not  soluble  in  dilute  hydrochloric  acid.  (Meinecke,  Schw.  28,  5Q.) — 
Link  found  iron  pyrites  in  the  mud  of  ponds. — Bakewell  found  the 
remains  of  mice  preserved  in  a  bottle  filled  with  solution  of  green  vitriol, 
covered  with  small  crystals  of  iron  pyrites.»-The  hot  spring  of  Chaude- 
fiaigues,  which  contains  sulphate  of  soda  and  other  salts  and  a  mere  trace 
t)f  iron,  deposits  iron  pyrites  in  the  [wooden  1]  channel  by  which  the  water 
is  discharged.  (Longchamp,  Ann,  Chim,  Phys.  32,  294.)  On  digging  in 
the  neighbourhood  of  the  chalybeate  spring  at  Rondorfer,  which  contains 
acid  carbonate  of  ferrous  oxide  and  sulphate  of  soda,  the  boggy  ground 
and  the  fragments  of  quartz  scattered  about,  were  found  to  be  covered 
with  iron  pyrites.  (Noggerath  &  Bischof,  Pogg,  38,  407.) — A  similar  case 
is  described  by  Gilbert.  (Gilb.  74,  206.) — A  ferruginous  water  which 
ran  from  a  basm  formed  out  of  the  hollow  trunk  of  a  tree,  yielded,  when 
recently  drawn,  a  large  quantity  of  blackish-yellow  iron  pyrites,  contain- 
ing a  portion  of  vegetable  matter  enclosed  within  it,  and,  moreover, 
44*78  iron  to  55*22  sulphur. — A  quantity  of  the  Brohl  mineral  water, 
which  contains  very  small  quantities  of  iron  and  sulphate  of  soda,  having 
been  mixed  with  a  little  sugar  and  kept  for  three  years  in  closed  vessels, 
was  found  to  smell  of  sulphuretted  hydrogen,  and  had  deposited  a  black 
powder  which  appeared  to  contain  sesquisulphide  of  iron  together  with 
free  sulphur.  In  a  similar  manner,  white  iron  pyrites  appears  to  be 
formed  in  black  and  in  brown  coal.  (Bischof,  Schw.  64,  377.) 

Preparation.  1.  Ferric  oxide,  ferroso-ferric  oxide,  hydrated  ferric  oxide 
or  carbonate  of  ferrous  oxide,  natural  or  artificial,  in  powder  or  in  crystals, 
is  exposed,  at  a  heat  exceeding  100°  but  not  amounting  to  redness,  to  a 
current  of  sulphuretted  hydrogen,  as  long  as  the  mass  continues  to  increase 
in  weight.  At  first  the  action  is  so  strong,  that  aqueous  vapour,  sul- 
phurous acid,  and  hydrogen  gas  are  evolved,  and  lower  sulphides  of 
iron  are  formed,  which  afterwanis  take  up  more  sulphur  and  liberate  pure 
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hydrogen  gas.  The  sulphide  of  iron  thns  prodaced  retains  the  crystalline 
form  of  the  oxide  used  in  its  preparation,  with  the  same  lustre  on  the  faces, 
and  the  same  directions  of  cleavage.  (Herzelius.) — 2.  The  lower  sulphides 
of  iron  may  he  hrought  to  this,  the  highest  degree  of  sulphuration,  by 
heating  them  in  like  manner  in  hydrosulphuric  acid  gas.  (Berzelius.) — 
3.  An  intimate  mixture  of  2  pts.  protosulphide  of  iron  and  1  pt.  sulphur, 
heated  in  a  retort  to  a  temperature  short  of  redness,  leaves  bisulphide  of 
iron  in  the  form  of  a  bulky,  dark  yellow,  non-magnetic,  metallic  powder, 
not  attacked  by  hydrochloric  acid.  (Berzelius.) — 4.  When  an  intimate 
mixture  of  ferric  oxide,  sulphur,  and  sal-ammoniac  is  heated  to  a  tem- 
perature a  little  above  that  at  which  the  sal-ammoniac  sublime^  the 
residue  is  found  to  contain  small,  brass-yellow  octohedrons  and  cubes, 
which  may  be  separated  from  the  rest  of  the  powder  by  levigation. 
(Wohler,  Pogg,  37,  238.) — 5.  When  sal-ammoniac  containing  sulphate  of 
ammonia  is  sublimed  at  a  dull  red  heat  in  iron  vessels  coated  with  clay, 
the  clay  covering  becomes  impregnated  with  chloride  of  iron,  and  cubes 
and  octohedrons  of  iron  pyrites  form  upon  its  surfjEice.  (L5we,  J,  pr,  Cfiem, 
6,  98.) 

Iron  pyrites  crystallizes  in  forms  belonging  to  the  regular  system : 
Figs.  1,  2,  4,  6,  11,  18,  19,  20,  and  many  others.  It  gives  sparks  with 
steel.  Sp.  gr.  4*9  to  5*1.  Fracture,  conchoidal.  Colour,  bronze-yellow. 
The  crystals  of  white  iron  p3rrites  belong  to  the  right  prismatic  system : 
Fig,  54,  61,  and  other  forms,  u  :  w'  {Fig.  54)=73°  24';  u' :  u  (fig.  61) 
=  106''  36',  t  :i'=32''  12'.  Cleavage  parallel  to  u  and  tJ,  less  distinct 
parallel  to  p.  (Hauy.)  Sp.  gr.  4*6  to  4*8.  Harder  than  felspar.  Green- 
ish-yellow-grey  inclining  to  steel-grey;  powder  greenish -grey. — Iron 
pyrites  is  non-magnetic  in  all  its  forms. 

Ordinary  Iron  Pyrites. 
Benelias.  Hatchett.  Guenivean. 
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Bisulphide  of  iron  ignited  not  very  strongly  in  a  close  vessel,  gives  off 
sulphur,  and  is  converted  into  the  eight-sevenths  sulphide;  at  a  strong 
red  heat  it  is  reduced  to  the  protosulphide.  A  lower  temperature  will 
suifice  if  hydrogen  gas  be  passed  over  the  substance,  although  the  hydro- 
gen does  not  form  hydrosulphuric  acid,  but  appears  to  act  like  any  other 
gas  [by  adhesion].  (H.  Rose,  P^gg.  5.  533.) — The  residue  has  the  form 
and  colour  of  the  original  iron  pyrites,  but  its  bulk  is  increased;  it  is  dull, 
exhibits  all  over  its  surface  cavities  formed  by  fusion,  and  may  be  crum- 
bled to  pieces  by  pressure  with  the  linger,  (rroust,  Scher,  J.  9,  378.) — 
When  ignited  with  charcoal  it  yields  bisulphide  of  carbon. — When  heated 
in  a  current  of  phosphuretted  hydrogen  gas  to  a  temperature  short  of  that 
at  which  it  evolves  «ulphur,  it  yields  phosphide  of  iron  and  hydrosul- 
phuric acid.  (p.  233.) — When  hea^d  in  the  ^r,  it  yields  sulphurous  acid 
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and  finlphate  of  ferrous  oxide,  or,  at  a  higher  tempemtaxe^  snlpharouf 
acid  and  basic  aulpbate  of  ferric  oxide. 

With  nitric  or  nitro-hydrochloric  acid,  it  yields  ferric  oxide,  sulphurio 
acid,  and  suiphar.  It  resists  the  action  of  hydrochloric  and  of  dilute  sul- 
phuric acid. — Iron  pyrites  heated  with  lead-oxide,  fuses  readily  and  gives 
off  sulphur  in  the  form  of  sulphurous  acid;  for  the  complete  expulsion  of 
the  sulphur,  50  parts  of  lead-oxide  are  required  to  J  part  of  pyrites. 
With  6  parts  of  litharge  to  I  iron  pyrites,  2  layers  are  obtained ;  the 
lower,  which  contains  the  larger  quantity  of  matter,  is  a  sulphide  of  lead 
containing  excess  of  lead ;  the  upper  layer  is  a  lead-grey,  magnetic  mix- 
ture of  sulphide  of  lead,  sulphide  of  iron,  and  metallic  oxides. — With 
12*5  pts.  litharge,  the  mixture  yields  3*5  pts.  of  lead,  rendered  somewhat 
brittle  by  the  presence  of  1  per  cent,  of  sulphur  and  a  small  quantity  of 
iron,  together  with  a  black,  opaque,  vitreous  slag. — With  20  parts  of 
litharge,  the  same  products  are  formed,  the  lead,  which  in  this  case  also  is 
somewhat  brittle,  amounting  to  4  parts.  With  30  parts  of  litharge,  4'55 
parts  of  lead  are  obtained;  with  40  pts.  litharge,  5  48  lead;  and  with  50 
litharge,  8*6  lead,  together  with  a  transparent  red  glass.  The  quantity 
of  lead  does  not  exceed  8*6  parts,  even  if  more  than  50  parts  of  litharge 
are  used.  (Bertbier,  Ann,  Chim.  Fhys,  39,  253.) 

Most  yellow  iron  pyrites,  and  likewise  the  white  variety  when  well 
crystallized,  remain  unaltered  in  moist  air.  But  many  crystals  of  auri- 
ferous iron  pyrites  exhibit  marks  of  conversion  into  hyurated  ferric  oxide, 
and  white  iron  pyrites  often  becomes  quickly  covered  with  effloresced 
ferrous  sulphate. — The  efflorescence  shows  itself  only  on  irregularly 
crystallized  masses  of  the  white  pyrites,  such  masses  containing  proto- 
sulphide  of  iron  mixed  with  the  bisulphide.  The  latter  only  is  made  to 
effloresce  by  being  formed  into  a  galvanic  circuit  with  the  more  negative 
bisulphide.  Hence  the  ferrous  sulphate  which  effloresces  out  contains  but 
1  atom  of  sulphuric  acid,  and  when  dissolved  in  water  deposits  ochre  on 
exposure  to  the  air,  whereas  if  formed  from  the  bisulphide,  it  would 
have  contained  2  atoms  of  acid.  The  bisulphide  remains  quite  unaltered; 
is  split  up  by  the  crystals  of  ferrous  sulphate;  and  after  being  washed 
with  water  shows  no  traces  of  free  sulphur.  A  mass  which  will  effloresce 
in  12  hours  and  expand  to  a  tenfold  bulk  in  4  days  by  formation  of  green- 
vitriol  crystals,  may  be  artificially  produced  by  exposing  ferric  oxide  to 
the  action  of  hydrosulphuric  acid,  and  stopping  the  process  before  the 
conversitn  intp  bisulphide  is  complete,  so  that  some  of  the  lower  sulphides 
of  iron  may  remain  mixed  with  it.  The  same  considerations  serve  to 
explain  why  iron  pyrites  exposed  to  imperfect  ignition,  whereby  a  part 
only  of  the  bisulphide  of  iron  is  converted  into  prutosulphide,  acquires  a 
tendency  to  effloresce.  (Berzelius  ) — Fournet  {Ann,  Chim,  Phys,  55,  256) 
attributes  the  efflorescing  property  of  white  iron  pyrites  to  a  forced  state 
of  aggregation  of  the  particles.— The  ferrous  sulphate  effloresced  out  of 
the  white  iron  pyrites  of  Schriesheim,  when  extracted  by  water,  was 
found  by  the  author  to  yield  a  solution  which  did  not  become  at  all  turbid 
by  the  addition  of  a  small  quantity  of  potash  or  by  pr(ilonged  exposure  to 
the  air;  and  the  washed  residue  contained  free  sulphur  which  showed 
itself  in  yellow  specks  and  could  be  extracted  by  caustic  potash  (compare 
also  H.  Rose,  p.  215). — Since  the  efflorescence  of  sulphide  of  iron  is 
attended  with  evolution  of  heat,  we  may  hence  account  for  the  inflamma- 
tion of  coals  containing  that  mineral,  when  they  are  heaped  up  in 
considerable  masses  (either  within  or  without  the  mine)  and  exposed  to 
air  and  moisture.  (Berzelius.) 
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G.  SidphUe  of  Ferrous  Oxide  ? — Formed  by  heating  ferrio  oxide  with 
powdered  sulphur  to  a  temperature  short  of  redness,  till  sulphurous  acid 
gas  is  no  longer  evolved. — Chesnut-browu  powder,  attracted  by  the 
magnet. — ^Dissolves  with  difficulty  in  hydrochloric  acid,  sulphur  being 
precipitated  but  no  sulphuretted  hydrogen  evolved.  Takes  fire  in  the 
air  below  a  red-heat,  burning  like  tinder,  and  being  thereby  completely 
converted  into  ferric  oxide.  (Berxelius.) 

H.  Hypo8ul?bite  of  Ferrous  Oxide,  or  Ferrous  Htposulphite. 
— Iron  immersed  in  aqueous  sulphurous  acid  and  kept  from  contact  of  air 
dissolves  without  evolution  of  gas,  and  forms  sulphite  and  hyposulphite 
of  ferrous  oxide: 

2Fe  +  3802  =:  FeO,  S0»  +  FeO,  S«0«. 

The  iron  immediately  becomes  black  and  brittle  by  taking  up  sulphur. 
(Berthollet,  Ann,  Ghim,  2,  58.)  The  iron  dissolves  completely  with  the 
exception  of  a  few  black  flakes  arising  from  impurities  in  the  metal. 
(Fordos  &  Gelis,  N,  J,  Pharra,  4,  333,)  The  sulphurous  acid,  in  acting 
npon  the  iron,  becomes  first  brown,  then  yellow,  and  afterwards  trans- 
parent and  colourless,  the  last  change  being  attended  with  precipitation 
of  sulphur;  no  hydrosulphuric  acid  is  evolved,  although  the  liquid  contain* 
a  small  quantity  of  that  gas  while  it  is  in  the  yellow  state,  and  therefore 
blackens  paper  moistened  with  acetate  of  lead.  The  resulting  solution 
turns  brown  when  heated,  and  yields  a  reddish  precipitate;  on  the 
addition  of  hydrochloric  acid,  sulphurous  acid  is  evolved  and  sulphur 
precipitated.  The  solution  gives  with  alkalis  and  with  ferrocyanide  of 
potasf^ium  a  white  precipitate;  with  mercurous  and  mercuric  salts,  a  black 
precipitate  containing  globules  of  mercury;  and  with  nitrate  of  silver,  a 
white  precipitate  which  afterwards  blactcens.  (A.  Vogel,  J.  pr,  Chtmi, 
8, 102;  vid.  also  K5ne,  Pogg.  63,  145.) — If  very  strong  sulphurous  acid  is 
used,  part  of  the  ferrous  sulphite  crystallizes  out  spontaneously  in  the 
course  of  a  few  days,  in  white  or  greenish- white  crystals.  (Berthollet, 
A.  Vogel.)  By  evaporating  and  cooling  the  solution  out  of  contact  of 
air,  the  greater  part  of  the  ferrous  sulphite  is  separated  out  in  the  crys- 
talline form,  and  the  mother-liquid  when  evaporated  iu  vacuo  (great  care 
being  taken  to  prevent  ingress  of  air)  yields  crystals  of  the  hyposulphite, 
which,  however,  are  fre<^uently  contaminated  with  sulphur  and  green 
vitriol.  For,  in  proportion  as  the  air  acts  upon  the  colourless  mother- 
liquid  containing  the  ferrous  hyposulphite,  that  liquid  acquires  a  yellow 
colour  from  formation  of  ferric  hyposulphite.  During  the  subsequent 
evaporation,  even  in  vacuo  at  ordinary  temperatures,  the  ferric  oxide 
converts  the  hyposulphurous  acid  into  tetrathionic  acid: 

Fe«0»  +  2S202  z=  2FeO  +  S^O* ; 

and  the  tetrathionate  of  ferrous  oxide  thus  produced  is  resolved  by  furthe? 
evaporation  into  sulphur,  sulphurous  acid,  and  green  vitriol: 

FeO,  S<0»  zi  FeO,  SO»  +  SO»  +  29. 

(Fordos  &  661ia)  IT  Kone  separates  the  sulphite  and  hyposulphite  of 
ferrous  oxide  obtained  a£i  above,  by  means  of  alcohol,  in  which  the  hypo« 
sulphite  is  easily  soluble,  while  the  sulphite  is  insoluble  IT.  By  pre- 
cipitating green  vitriol  with  hyposulphite  of  baryta,  and  evaporating  the 
filtrate,  green  crystals  are  obtained,  mixed  with  a  basic  salt  of  rorrio 
oxide.  (Rammelsberg,  Pogg,  56,  306.) 
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Besides  tlie  soluble  salt  just  described,  tbere  likewise  exists  an 
insoluble  hyposulphite  of  ferric  oxide.  When  steel  turnings  (iron  would 
probably  act  in  the  same  way)  are  immersed  for  14  days  in  a  saturated 
aqueous  solution  of  sulphurous  acid  contained  in  a  closed  vessel,  the 
transparent  and  colourless  liquid  poured  off,  and  the  black  steel  turnings 
washed  with  water, — small,  translucent,  greenish-white  octohedrons  are 
found  adhering  to  their  surfaces.  These  crystals  do  not  fuse  when 
heated,  but  evolve  sulphurous  acid  together  with  a  small  quantity  of 
sulphur:  by  exposure  to  the  air,  they  become  opaque  and  afterwards  of  a 
rust  colour.  With  strong  hydrochloric  acid  they  effervesce  violently, 
give  off  sulphurous  acid  gas,  and  form  a  yellow  solution  from  which 
sulphur  is  deposited;  their  powder  turns  black  when  moistened  with 
solution  of  silver;  they  are  insoluble  in  water,  not  even  boiling  water 
taking  up  a  trace  of  iron;  aqueous  sulphurous  acid  dissolves  them  slowly. 
(A-  Vogel.) 

I.  Sulphite  op  Ferrous  Oxide,  or  Ferrous  Sulphite. — The  solution 
of  iron  in  aqueous  sulphurous  acid  formed  out  of  contact  of  air  (which 
likewise  contains  ferrous  hyposulphite:  vid.  sup,)  deposits,  either  imme- 
diately or  when  evaporated  out  of  contact  of  air,  crystals  of  ferrous  sulphite, 
that  salt  separating  out  before  the  hyposulphite.  (BerthoUet.)  The  solu- 
tion should  be  evaporated  in  vacuo,  the  crystals  pressed  between  bibulous 
paper  and  then  dried  in  vacuo.  (Fordos  &  Gelis.) — When  heated  in  a 
glass  tube,  they  evolve  sulphurous  acid  and  water  and  leave  a  black 
residue.  While  yet  moist,  they  oxidate  in  the  air.  They  dissolve  very 
sparingly  in  pure  water,  easily  in  aqueous  sulphurous  acid.  This  solution 
soon  acquires  a  deep  red  colour  by  exposure  to  the  air.  (Fordos  &  G61is.) 

Cryttallized,  CaloaUtion,  aooording  to  Fordoi  &  GSis. 

FeO 35  37-23 

SO'    32  34-04 

3HO 27  :  28-73 

FcO,SO»  +  3Aq 94  10000 

K.  Sulphite  op  Ferric  Oxide,  or  Ferric  Sulphite. — Freshly 
precipitated  hydrate  of  ferric  oxide  dissolves  readily  in  aqueous  sulphurous 
acid,  but  the  solution  which  is  red  at  first,  quickly  becomes  decolorized 
by  formation  of  ferrous  sulphate.  The  dry  nydrate  dissolves  but  very 
sparingly  in  cold  sulphurous  acid;  the  hot  acid  dissolves  it  quickly,  but 
the  solution  consists  of  ferrous  sulphate. — IT  According  to  Kone,  if  the 
excess  of  sulphurous  acid  be  expelled  by  heat  and  the  solution  then  left 
exposed  to  the  air  for  several  days,  a  red-brown  precipitate  is  obtained, 
composed  of  Fe20»,SO»+7Aq.  (Ann.  Phami,  64,  241)  IT.— 2.  Alkaline 
sulphites  impart  a  deep  red  colour  to  ferric  salts,  even  when  largely 
diluted;  but  the  mixture  soon  loses  its  colour  even  at  ordinary  tempera- 
tures, and  immediately  on  the  application  of  heat.  (Berthier,  Ann,  Okim, 
Phys.  50,  370;  J^.  Ann.  Chim.  Phys,  7,  78.) 

L.  Hyposulphate  op  Ferrous  Oxide,  or  Ferrous  Hyposulphate. 
— Formed  by  precipitating  a  solution  of  green  vitriol  by  an  exactly 
equivalent  quantity  of  hyposulphate  of  baryta,  and  leaving  the  filtrate 
first  to  evaporate  at  a  gentle  heat  and  then  to  crystallize  by  spontaneous 
evaporation. — Oblique  rhombic  prisms,  having  the  colour  and  taste  of 
green  vitriol.  They  become  somewhat  brown  in  the  air  by  oxidation,  but 
without  further  change.     When  carefully  heaWd>  ^hey  ^eaye  49*05  per 
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cent,  of  dry  ferrous  salpbate.     Very  easily  soluble  in  water,  but  not  in 
alcobol;  when  the  aqueous  solution  is  boiled,  the  salt  is  converted  into 

green  vitriol.  (Heeren.) 

Cryttallized,  Heeren. 

FeO 35   ....   23-03  2291 

SK)» 72   ....   47-37  47*05 

5HO    45       ....       29-60  30-04 

FcO,S20*  +  5Aq 152       ....     100-00         ZZ       10000 

M.  Hyposulphate  op  Ferric  Oxide,  or  Ferric  Hyposulphatb. — 
Octohasic.  —  Aqueous  hyposulphuric  acid  dissolves  but  a  very  small 
quantity  of  hydrated  ferric  oxide,  even  when  freshly  precipitated:  it 
fioweve^combfnes  with  the  o:dde  and  forms  a  brown-ri,  ^eryLft,  eaaily 
suspended  powder,  which  dries  up  to  a  brown,  brittle  mass  having  a 
conchoidal  fracture  and  easily  soluble  in  hydrochloric  acid.  (Heeren.) 

Heeren. 

8Fc203 624       ....       71-23        ....  69*99 

SW     72       ....         8-22         ....  8*25 

20HO  180       ....       20-55         ....  21  76 

8Fe«O»,S2O»  +  20Aq 876       ....     100-00        Z         lOO'OO 

N.  Sulphate  op  Ferrous  Oxide,  or  Ferrous  Sulphate. — Proto- 
sulphaie  of  Iron,  Green  Vitriol,  Copperas, — This  salt  is  formed  in  mines 
containing  sulphide  of  iron,  and  dissolves  in  the  water  of  the  mine. — Dilute 
sulphuric  acid  dissolves  iron  with  evolution  of  hydrogen  gas.    Strong  oil  of 
vitriol  dissolves  it  slowly  at  ordinary  temperatures  with  evolution  of  hydro- 
gen gas — more  quickly  when  heated,  and  with  evolution  of  sulphurous 
acid  gas.    Moist  or  heated  sulphide  of  iron  is  converted  by  exposure  to  the 
air  into  green  vitriol  (pp.  229  and  234). — The  crystallized  salt  is  prepared 
on  the  small  scale  by  dissolving  iron  in  dilute  sulphuric  acid,  filtering,  eva- 
porating, and  crystallizing.  -On  the  large  scale,  it  is  prepared  in  an  impure 
state,  by  exposing  native  sulphide  of  iron  to  the  action  of  the  aii^— or  first 
roasting  and  then  exposing  it  to  the  air, — and  afterwards  exhausting  with 
water,  evaporating,  clarifying,  and  cooling. — When  iron  is  immersed  in 
mine- water  containing  sulphate  of  copper,  the  copper  is  precipitated,  and  a 
dilute  solution  of  green  vitriol  is  obtained,  which  may  be  brought  to  the 
crystallizing  point,  first  by  graduation,  and  afterwards  by  evaporation.   The 
commercial  green-vitriol  from  Fahlun  and  Dylta,  and  that  also  which  is 
prepared  in  England,  is  crystallized  from  an  acid  solution,  contains  but 
little  ferric  sulphate,  is  of  a  greenish-blue  colour,  and  often  covered  with  a 
white  or  yellow  powder.    The  German  green- vitriol,  which  is  crystallized 
from  a  more  neutral  solution,  and  contains  but  a  small  quantity  of  ferric 
salt,  is  of  a  dirty  green  colour  and  dry.    That  from  Moscow  is  crystallized 
from  a  solution  containing  a  considerable  quantity  of  ferric  salt,  and 
is  therefore  mixed  with  that  salt;   it  Yiaa   a   grass-green   colour  and 
unctuous  aspect,  because  it  remains  moist;  it  also  reddens  litmus  strongly. 
(Bonsdorff.)  —  Besides  ferric  sulphate,    C/Ommercial  green   vitriol  may 
also  contain  protoxide  of  copper,  oxide  of  zinc,  binoxide  of  tin,  prot- 
oxide of  manganese,  alumina,  magnesia,   and  lime  in  the  state  of  sul- 
phates, and  likewise  arsenious  acid. — The  cupric  and  ferric  oxides  may 
be  separated  by  mixing  the  aqueous  solution  with  a  small  quantity  of 
sulphuric  acid  and  digesting  it  with  metallic  iron  out  of  contact  of  air; 
and  the  arsenic,  copper,  and  tin,  by  saturating  the  solution  with  sul- 
phuretted hydrogen,  setting  it  aside  U>r  two  days,  and  then  warming  and 
filtering. 
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In  consequence  of  the  great  facility  Tnth  which  ferrous  sulphate 
absorbs  oxygen  from  the  air^  the  crystals  are  very  apt  to  become  conti^ 
minated  with  ferric  sulphate.  Green  vitriol  free  from  ferric  oxide  may 
be  obtained  by  the  following  processes  :  ] .  By  saturating  dilute  sulphuric 
acid  with  iron,  boiling  the  liquid  with  iron-filings  in  a  narrow-necked 
flask,  till  the  crystallizing  point  is  attained,  and  straining  it  through  a 
filter  moistened  with  water,  into  a  vessel  rinsed  out  with  a  little  dilute 
sulphuric  acid.  The  sulphuric  acid  prevents  the  filtrate  from  becoming 
turbid.  Tlie  funnel  must  have  a  very  long  neck  reaching  to  the  bottom 
of  the  vessel.  The  crystals,  as  they  form,  are  left  to  drain  upon  a 
funnel,  then  rolled  backwards  and  forwards  between  bibulous  paper,  till 
they  no  longer  wet  it,  and  dried  upon  paper  at  a  temperature  not  exceed- 
ing dO\  When  well  dried,  they  remain  permanent  for  a  long  time 
in  dry  air,  and  for  a  tolerably  long  time  in  damp  air.  (v.  Bonsdorff, 
Pogg,  31,  810—2.  By  dissolving  200  parts  of  iron-filings  in  2,400  of 
water,  to  which  300  of  oil  of  vitriol  is  gradually  added,  evaporating  the 
liquid  to  the  crystallizing  poiut  in  a  cast-iron  vessel;  mixing  it  with  15 
parts  of  oil  of  vitriol;  filteriug  hot;  cooling;  pressing  the  crystals  to 
powder  as  soon  as  they  are  formed ;  washing  with  alcohol,  and  quickly 
drying  the  bluish-white  powder  between  bibulous  paper.  (Gieseler,  iV.  Br, 
Arch,  27,  193.) — 3.  By  leaving  good  green  vitriol  to  crystallize  from 
water  acidulated  with  sulphuric  acid ;  boiling  500  parts  of  the  resulting 
crystals,  for  a  while,  with  550  parts  of  water  and  8  parts  of  iron-turnings, 
and  filtering  the  solution  at  a  boiling  heat  into  a  vessel  containing  a 
mixture  of  375  pts.  alcohol  of  36^  B.,  and  8  parts  of  oil  of  vitriol,  the 
mixture  being  stirred  all  the  while.  After  cooling,  the  mother-liquid  is 
strained  off  from  the  small  crystals  which  form,  the  crystals  drained  upon 
linen,  and  then  dried  between  bibulous  paper  frequently  renewed.  The 
alcohol  retains  in  solution  the  whole  of  the  ferric  salt,  the  solubility  of 
that  salt  being  increased  by  the  free  sulphuric  acid.  The  crystals  contain 
their  full  amount  of  water.  (Berthemot,  J.  PJiarm,  25,  206.) 

By  heating  the  crystals  out  of  contact  of  air,  the  anhydrous  salt  ia 
obtained  in  the  form  of  a  white,  harsh  powder. — This  when  heated  in  a 
retort,  gives  off  sulphurous  acid  gas,  and  is  converted  into  a  compound  of 
1  At.  ferric  oxide  and  1  At.  sulphuric  acid  : 

2(PeO,S08)  »  Fe«0»,SO»+SO«. 

At  a  still  higher  temperature,  the  rest  of  the  sulphuric  acid  is  given  off, 
and  red  ferric  oxide  left  behind.  Part  of  the  acid  distils  over  undecom- 
posed,  and  may  be  condensed  in  the  form  of  anhydrous  acid  in  a  receiver 
kept  at  a  very  low  temperature ;  the  rest  passes  over  as  a  mixture  of 
1  vol.  oxygen,  and  2  vol.  sulphurous  acid  gas.  (Baasy.) — When  mode* 
rately  heated  in  an  open  vessel  and  stirred,  it  is  converted^-the  ferrous 
oxide  taking  up  oxygen  from  the  air — into  yellowish-brown  burnt  or 
calcined  green  vitriol,  containing  1  At.  ferric  oxide  and  2  At.  sulphuric 
acid.  Complete  conversion  into  ferric  salt  is  unattainable;  as  soon  as  all 
the  protoxide  is  converted  into  sesquioxide,  sulphuric  acid  is  given  off, 
and  colcothar  remains  behind.  (Waltl,  Repert,  41,  428.)  Dry  ferrous 
sulphate  gently  ignited  with  charcoal  in  a  retort,  gives  off  about  78 
volumes  of  sulphurous  acid  gas  to  22  vol.  carbonic  acid,  and  leaves  ferrie 
oxide  free  from  sulphide  of  iron.  (Gay-Lussac,  Ann,  Chim,  Phyt* 
63,  433;  also  /.  pr.  Chm,  11,  67.) 


J 
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FeO 

80» 


BerzelivB. 

Wenzel. 

S5 

•••• 

46-66 

•••• 

4707 

•••« 

42-17 

40 

•  ••• 

53-33 

•*•• 

52*93 

•  •«• 

57-83 

FeO,SO»  75      ....     10000        ....       lOO'OO        ....       lOO'OO 

Comhination8  toith  Water. — The  dehydrated  salt  recoyers  its  7  atoms 
of  water  by  exposure  to  moist  air.  (Braudes,  Schw.  51,  438.) — a.  Mono^ 
hydraUd, — Remains  when  the  hepta-bydrated  salt  is  heated  to  140^  in 
yacno ;  contains  1  atom  of  water  in  a  state  of  intimate  combination,  bat 
gives  it  np  at  a  temperature  above  280^  (between  200°  and  300°,  Mits-> 
cherlich,  Pogg,  18,  152),  and  by  careful  heating  maybe  freed  from  it 
without  loss  of  acid.  (Graham,  Phil.  Mag,  «/.  3,  421.) 

p.  Bihydrated, — When  oil  of  vitriol  is  slowly  added  to  a  saturated 
solution  of  ferrous  sulphate — so  as  not  to  produce  any  considerable  rise  of 
temperature — till  the  mixture  attains  a  specific  gravity  of  1  33,  and  the 
liquid  then  left  to  evaporate  over  oil  of  vitriol  in  a  receiver  not  exhausted 
of  air,  the  hepta-hydrated  salt  separates  out  first ;  then,  when  f  of  the 
liquid  are  evaporated,  a  salt  containing  4  atoms  of  water;  then  sesqui* 
sulphate  of  ferrous  oxide  (p.  242);  and  lastly,  the  bihydrated  salt  in  the 
form  of  a  dark  green,  crystallo-granular  mass.  (v.  Bonsdorif,  Ber.  uber  d, 
Versamml.  d.  deutscken  Naturf.  in  Prag,  124.) 

y.  Ter-kydrated, — The  solution  of  green  vitriol  in  hot  hydrochloric 
acid,  yields  on  cooling,  partly  crystals  of  the  hepta-hydrated,  and  partly 
of  the  ter-hydrated  salt.  The  latter  are  translucent,  of  a  much  paler 
green  colour,  and  harder  than  the  former;  when  dissolved  in  water,  they 
again  yield  ordinary  green  vitriol.  (Kane,  Ann.  Pharm.  19,  7.) — On 
evaporating  a  solution  of  green  vitriol  mixed  with  a  large  quantity  of 
sulphuric  acid,  the  ter-hydrated  salt  is  obtained  in  the  form  of  a  white 
solid  crust.  (Kiihn,  Schw.  61,  235.) 


Kue. 

Kuhn. 

FeO    

35 

..••      o4*«)X           •••• 

33-4 

■  ■■• 

34-3 

SO» 

40 

....      AV'iH           ,.., 

37-4 

•  •  t« 

390 

3H0    

27 

....     26-47 

29-2 

•  *  ■  ■ 

26-7 

FeO,S03  +  3Aq. 

102 

....  10000 

1000 

•  ••• 

1000 

^  Tetra-hydrated. — 1.  By  the  process  described  under /3,  this  salt  is 
obtained  in  crystals  having  the  green  colour  of  Chrysoprase.  (Bonsdorff.) 
—2.  It  cnrstallizes  on  evaporating  a  solution  of  green  vitriol  at  SO**,  and 
corresponds  to  the  tetra-hydrated  sulphate  of  manganous  oxide.  (IV.,  222.) 
Regnault.     (iV.  Ann.  Chim.  Phys.  1,201.) 

€.  Hepta-hydrated. — This  is  the  common  green  vitriol.— Pale  green- 
ish-blue, translucent  crystals,  belonging  to  the  oblique  prismatic  system. 
Fig.  Ill  and  other  forms;  i :  t*  or  tt'=99**  2';  tt:tt'=82°  20';  i:  «  = 
153°;  i:/S=123^  5.5';  i:c=159";  «:c?=:136M0';  t:/=119  15'.  (Wol- 
laston,  Schw.  24,  102;  Brooke,  Ann.  Phil.  22,  120;  G.  Rose,  Pogg.  7, 
239.)  Yields  a  white  powder;  scarcely  reddens  litmus,  and  only  when 
the  air  has  access  to  it,  the  effect  being  then  due  to  the  formation  of  a 
ferric  salt.  (Bonsdorff.) 


FeO.. 
SO».. 
7HO 


Ber-         Berg-        Kir-         Thorn-         Mitsch- 

zelins.        man.         wan.           son.            erlich. 

35  .. 

..  25-36  ....     25-7     ....     23     ....     28     ....     28-31           .^.^q 
..  28-98  ....     28-9     ....     39     ....     26     ....     '267        *     ^^  "** 

40  .. 

63  .. 

..  45-66  ....     45-4     ....     38     ....     46     ....     450     ....     43*92 

FeO,SO«+7Aq.  138  .,..10000  ....  1000  ....  100  ....  100  ....  1000  ....  10000 
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The  crystals  fuse  in  their  water  of  crystallization  when  heated;  and 
if  the  air  be  excladed,  leave  the  white  anhydrous  salt.  When  exposed  to 
the  air  between  40^  and  50^,  they  effloresce  through  and  through  to  a 
white  mass  (Bonsdorff);  oil  of  vitriol  and  alcohol  likewise  withdraw 
their  water  and  cause  them  to  turn  white.  At  ordinary  temperatures, 
they  oxidize  and  turn  brown,  in  proportion  as  they  have  been  less  com- 
pletely dried,  as  the  air  is  moister,  and  as  the  solution  from  which  they 
have  been  formed  is  more  neutral.  Crystals  obtained  from  an  acid  solu- 
tion are  permanent  in  air  which  is  not  very  damp ;  but  if  they  are  kept 
under  a  bell -jar  containing  air,  and  closed  with  water  at  the  bottom,  their 
surface  turns  yellowish -brown  in  the  course  of  a  few  months,  a  portion  of 
the  salt  being  at  the  same  time  dissolved  by  the  water  which  is  deposited. 
Crystals  deposited  from  a  perfectly  neutral  solution,  assume  a  dingy 
green  colour  when  exposed  to  the  air  even  for  a  few  days,  the  colour 
continually  becoming  darker ;  under  a  bell-jar  standing  in  water,  they 
deliquesce  more  rapidly  and  soon  turn  brown.  The  powder  of  crystals 
obtained  from  an  acid  solution  turns  yellowish-green  after  a  few  weeks* 
exposure  to  the  air. 

1  part  of  the  crystals  dissolves  in  1  '6  parts  of  cold,  and  in  0'3  of  boil- 
ing water.  At  10*»  in  1-64  parts;  at  15^  in  1-43;  at  24^  in  087;  at 
33^  in  0-66;  at  46^  in  044;  at  60'  in  038;  at  84"^  in  037;  at  90*»  in 
0'27;  and  at  lOO""  in  0*3  parts  of  water.  (Brandos  Sc  Firnhaber.  J?r. 
Arch.  7,  83.) — The  solution  has  a  pale  greenish-blue  colour.  Alcohol  and 
.oil  of  vitriol  precipitate  from  it  the  white,  partly  dehydrated  salt.  Glacial 
acetic  acid  likewise  precipitates  the  salt  undecomposed  from  the  solution, 
so  that  not  a  trace  of  iron  is  left  in  the  liquid.  (Persoz,  C/iim,  molecul. 
346.)  The  solution  becomes  turbid  when  exposed  to  the  air,  yellowish- 
brown  disulphate  of  ferric  oxi«.e  being  precipitated,  and  tersulphate  being 
dissolved  and  forming  a  brown  solution; 

10(FeO,  S08)  +  50  =  2Fe20»,  S0»  +  3(  Fe^O',  3SO»). 

On  the  addition  of  sal-ammoniac,  a  solution  is  formed,  consisting  of  sul- 
phate and  hydrochlorate  of  ferrous  oxide  and  ammonia.  (A.  Vogel,  «/*. 
pr.  Cher/i,  2,  192.) 

A  solution  of  green  vitriol  absorbs  nitric  oxide  gas,  forming  a  dark 
greenish-brown  liquid,  which  contains  1  at.  nitric  oxide  to  4  at.  oil 
of  vitriol.  The  solution  of  300  pts.  (1  at.)  of  dry  ferrous  sulphate, 
absorbs  28*5  pts.  (therefore  not  quite  1  at.,  which  would  weigh  30)  of 
nitric  oxide.  If  tne  sulphuric  acid  is  in  excess,  the  same  quantity  of 
nitric  oxide  gas  is  absorbed,  and  produces  the  same  colour,  (religot.)— 
The  liquid  contains  ferrous  sulphate  and  nitric  oxide  in  the  unaltered 
state ;  the  latter  may  be  driven  off  in  vacuo,  or  by  the  application  of 
heat;  but  in  the  latter  case,  a  small  portion  of  the  nitric  oxide  gives  up 
oxygen  to  the  ferrous  oxide,  so  that  the  evolution  of  nitric  oxide  is 
accompanied  by  the  conversion  of  a  small  portion  of  ferrous  salt  into 
ferric  salt.  If  the  liquid  be  placed^  together  with  chloride  of  calcium, 
under  a  bell-jar  filled  with  nitric  oxide  gas,  ferric  salt  is  formed  and 
nitric  oxide  decomposed,  as  soon  as  the  solution  becomes  somewhat  con- 
centrated.— An  alkali  added  to  the  liquid  produces  a  greyish-white  pre- 
cipitate, probably  a  compound  of  hydrated  ferrous  oxide  with  nitric 
oxide,  which,  however,  soon  gives  off  gas,  turns  bluish-green,  and 
afterwards  yellow.  No  salt  of  nitric  or  of  nitrous  acid  is  formed  in  this 
action. — Phosphate  of  soda  forms  a  reddish-brown  precipitate,  which 
contains  nitric  oxide  in  a  state  of  combination^  and;  when  exposed  to  the 
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air,  turns  white  and  yields  phosphate  of  ferric  oxide.  In  a  similar 
manner,  ferrocjanide  of  potassium  forms  red-brown  flakes,  which  contain 
nitric  oxide  and  immediately  turn  blue  in  the  air.  (Peligot,  Ann,  Ckim, 
Phys,  54,  17;  also  J,  Pharm,  19,  644;  also  Schw,  69,  341;  also  Ann, 
Pkarm,  9,  259.) — According  to  Sir  H.  Davy,  100  parts  of  green  vitriol 
solution,  of  sp.  gr.  1*4,  absorb  0*63  nitric  oxide,  three-fourths  of  which 
remains  unaltered,  but  the  remaining  fourth  decomposes  a  portion  of  the 
water,  and  forms  ammonia,  nitric  acid  [?],  and  ferric  oxide;  a  small 
quantity  of  nitrogen  is  likewise  absorbed  together  with  the  nitric  oxide, 
and  is  also  converted  into  ammonia.  The  remaining  three-fourths  of 
undccomposed  nitric  oxide  may  be  expelled  from  the  liquid  by  heat. 
(Humboldt  &  Vauquelin,  Scher.  J.  3,  81.) 

The  compound  of  green  vitriol  with  nitric  oxide  imparts  a  purple-red 
colour  to  large  quantities  of  oil  of  vitriol,  provided  no  rise  of  temperature 
takes  place.  Oil  of  vitriol,  to  which  a  small  quantity  of  ferrous  sulphate 
has  been  added,  acquires  a  rose-red  colour  by  absorbing  small  quantities 
of  nitric  oxide,  and  a  deep  purple-red  if  it  absorbs  a  larger  quantity. 
The  same  red  mixture  is  obtained  when  oil  of  vitriol  containing  nitric 
oxide,  nitrous  or  nitric  acid,  or  a  nitrate,  is  mixed  with  powdered  green 
vitriol  or  its  aqueous  solution,  slowly  enough  to  prevent  rise  of  tempera- 
ture. Upon  tnis  character  is  founded  the  detection  of  those  oxides  of 
nitrogen  in  oil  of  vitriol  (11.  181),  and  that  of  traces  of  nitrites  and 
nitrates.  (II.  401;  Desbassins  de  Richemont,  J,  Chim,  nUd.  11,  504.)— 
Bussy  &  Lecanu  («/.  Pharm,  11,  341 ;  also  Schw,  46,  368),  by  dissolving 
ferrous  sulphate  in  oil  of  vitriol,  obtained  a  red  liquid  which  they  regarded 
as  an  acid  sulphate  of  ferrous  oxide.  Their  sulphuric  acid  evidently  con- 
tained nitric  oxide.  When  an  aqueous  solution  of  ferrous  sulphate 
saturated  with  nitric  oxide,  is  slowly  mixed  with  oil  of  vitriol,  the 
greenish-brown  colour  likewise  changes  to  red.  (Jacquelin,  N,  Ann. 
Chim.  Phy».  7,  1 96.) 

The  red  liquid  loses  its  colour  when  heated,  giving  off  sulphurous  acid, 
and  precipitating  white  tersulphate  of  ferric  oxide.  Water  carefully 
addea,  so  as  not  to  occasion  rise  of  temperature,  gradually  dilutes  the 
colour,  till  it  finally  becomes  imperceptible.  (Bussy  &  Lecanu.)  Water 
decolorizes  the  solution,  after  first  turning  it  brown  and  yellow.  (Des- 
bassins.) Compounds  which  convert  the  ferrous  oxide  into  ferric  oxide, 
destroy  the  colour,  and  produce  a  white  cloud,  proceeding  from  tersulphate 
of  ferric  oxide.  Such  is  the  action  produced  by  nitric  and  its  salts,  the 
native  oxides  of  manganese  (Braunntein),  peroxide  of  manganese  (Bussy 
&  Lecanu);  as  also  by  hyponitric  acid  and  sulphate  of  manganic  oxide, 
but  not  by  nitrites.  (Desbassins.) 

Sulphate  of  ferrous  oxide  is  capable  of  uniting  in  nearly  all  proportions 
with  sulphate  of  zinc-oxide  or  sulphate  of  cupric  oxide,  K>rming  a  double 
salt,  of  the  form  of  green  vitriol 

SesquisulphcUe  of  Ferrous  Oxide  /—(For  the  preparation  of  this  salt, 
see  page  238,  0.)  Colourless  crystals,  having  a  laminar  texture  like  that 
of  gypsum,  nearly  tasteless,  sparingly  soluble  in  water ;  contain  28*38 
p.  c.  ferrous  oxide,  45*42  acid,  and  25*97  water — ^loss  0*33.  (Bonsdorff.) 
Their  composition  may  be  nearly  represented  by  2FeO,3SO*+7Aq. 

P.  Sulphate  op  Ferric  Oxide. — a,  Sexhanc. — Formed  by  the 
weathering  of  iron  pyrites  in  alum-slate.  Dark  brown;  massive;  has 
ft  fatty  lustre;  yielcb  a  brownish-yellow  powder,  and  is  insoluble  in 
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trater^  bnt  slowly  solable  in  heated  hydrochloric  acid.  (Th.  Scheerer, 

Pogg.  45,  188.) 

Apyrojfmutie  eahuiaiion,  Scheerer. 

6Fc«0»   468        ....        78-26  80-75 

SO»    40        ,...  6-70  600 

lOHQ 90        ....        15-04  13-57 

6Fe>O>,aO>-i-10Aq 598        Z      lOOOO        "ZZ      100*30 

According  to  Scheerer,  it  is  2(7FeH)»,SO*)  +  14Aq, 

(,  Qtuidrobasic. — ^When  tersulphate  of  ferric  oxide  is  precipitated  by 
acetate  of  baryta,  and  the  remainder  of  the  salphuric  acid  removed  from 
the  filtrate  by  a  small  quantity  of  baryta- water,  light-brown  flakes  are 
thrown  down,  together  with  the  sulphate  of  baryta,  and  may  be  separated 
firom  it  by  levigation;  they  contain  88*62  per  cent,  of  ferric  oxide  and 
11-38  of  sulphuric  acid.   (Anthon,  Repert.  81,  237.) 

c.  Terbasic  or  TristUphaU, — Precipitated,  on  boiling  a  dilute  solution 
of  tersulphate  of  ferric  oxide,  even  when  the  latter  contains  sulphate  of 
potash.  After  drying  at  100°,  it  is  a  light  powder  of  a  deep  orange- 
yellow  colour,  that  colour  being  lighter,  however,  as  the  solution  from 
which  the  salt  is  precipitated  is  more  dilute.  It  loses  its  water  below  a 
red  heat,  and  turns  dark  brown;  at  a  red  heat,  it  leaves  ferric  oxide.  It 
is  insoluble  in  water,  but  dissolves  with  tolerable  facility  in  acids.  (Th. 
Scheerer,  Pogg.  44,  453.) 

Scheerer. 

3FeH)>  234        ....        75-49        74-43 

80»    40        ....         12-90        ... 12-69 

4HO 36        ....        11-61        12-80 

3Fe20«,SO»  +  4Aq 310        Z       100-00        ZZ        99*92 

According  to  Scheerer,  it  is  2(3Fe'0',SO^)  +  9Aq. 

d.  Pihadc  or  Disulphate, — Occurs  native,  combined  with  6  atoms  of 
water,  in  the  form  of  Vitriol-ochre,  Precipitated  in  the  hyd rated  state  on 
mixing  the  tersulphate  with  a  quantity  of  ammonia  not  suflicient  for  its 
complete  decomposition;  also  when  an  aqueous  solution  of  green  vitriol 
is  exposed  to  the  air.  It  is  consequently  deposited  in  vitriol  and  alum 
works  by  the  action  of  the  air  on  the  mother-liquid  of  the  vitriol  or  alum; 
the  deposit  is  called  "  the  cream"  {Schmand).  Yellowish-brown.  Gives 
off  its  water  when  heated,  and  assumes  a  brown-red  colour  :  when  some- 
what strongly  ignited,  it  gives  off  undecomposed  sulphuric  acid.  (Berxe- 
lius,  Gilb.  40,  293.) 

Anhydrmu,  Berzclius.         Thomaov. 

2Pe»03 156      ....       79-59        798        ....        80 

SO» 40      ....       20-41         20-2        ....        20 


2Fe»0»,S0» 

196 

•  ■■• 

10000 

100*0 

•  ••• 

100 

2Pe*0» 

SO>  

OHO 

HydraUd. 
156      ....       62-4 
40      ....       160 
54      ....      21-6 

Berzelins. 
62-4 
15-9 
21*7 

•  «•• 

•  ••■ 

•  ••• 

Soubeiran. 
590 
11-5 
29-5 

2Fe«03,S05  +  6Aq. 

250 

■  »  •  a 

100-0 

100-0 

•  ••• 

100  0 

The  salt  examined  by  Soubeiran  was  obtained  by  precipitating  the  tersul- 
phate of  ferric  oxide  with  carbonate  of  potash  in  the  cold. 

IT  According  to  Wittstein,  the  precipitate  deposited  from  a  solntion 
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of  green  vitriol  exposed  to  the  air  consistai  after  being  dried  at  100%  of 
sesqujsniphate  of  ferrio  oxide,  2Fe'O^^SO'4-8Aq,|  aod  not  of  diaulphatOi 
as  stated  by  Berselius.  {Bepert,  Fharm,  Srd  series,  1|  185.)  IT 

An  ochrey  stalactite  from  the  alum-slate  quarry  at  Gemsdorf,  Itaying 
the  form  of  a  crust,  of  sp,  gr«  I'S,  and  pale  yellowish-giey  oolouri  was 
found  to  contain  40*06  p.  0.  ferric  oxide,  6*80  alumina^  11'80  sulphuric 
acid,  40*13  water,  and  0*11  matrix;  these  numbers  give  rather  more  than 
2  atoms  of  base  (ferric  oxide  and  alumina  together)  and  15  atoms  of 
water  to  1  atom  of  sulphuric  acid.  (Breithaupt  &  Erdmann,  Scliw.  62, 
104.) 

e.  Ifonostdphaie, — Formed  by  adding  carbonate  of  potash  to  tersul- 
phate  of  ferric  oxide  as  long  as  the  alkali  does  not  oeeasion  permanent 
turbidity, — ^and  heating  the  resulting  red  liquid  till  the  salt  separates  out 
Light  reddish-yellow  powder,  (Soubeiran,  Ann,  Chim.  Fkya,  44,  829j 
also  J,  Fharm,  16,  525.) 

Fe«0»  78      ....      68'W        *6-5 

S03  40      ....      »7*69        M,..M.        25*ft 

3HO 27      ....       18-62        190 

Pe=0»,S0»  +  3Aq 145       ....     10000         1000 

/  SegquUulphate, — FibroferrUe,^^Wa,tij ',  separates  in  scales;  fibrous 
in  a  direction  perpendicular  to  the  surface  of  separation;  specific  grayity, 
about  2*5  ;  pale  greenish- grey;  powder  yellowish ;  fibres  translucent. 
Tastes  somewhat  rough  and  sour,  When  heated,  it  evolyes  a  lars^e 
quantity  of  water  with  a  small  quantity  of  sulphur  (inasmuch  as  the 
mineral  contains  1 0  per  cent,  of  earthy  matter  and  sulphur),  the  fibres 
separating  at  the  same  time,  and  assuming  an  orange^yellow  colour.  On 
charcoal  before  the  blowpipe,  it  decrepitates  violently;  emits  an  odour  of 
sulphur,  and  leaves  ferric  oxide.  In  cold  water,  it  splits  into  fibres,  a 
small  quantity  being  partially  dissolved.  Boiling-water  takes  np  rather 
more,  and  colours  the  fibres  orange-yellow.  In  hydroehlorie  acid  it  swells 
np  like  a  sponge;  acquires  a  bright  orange-yellow  colour,  and  soon  dis- 
solves with  the  exception  of  the  sulphur  and  the  earthy  portions. 
(Prideaux,  FhiL  Mag,  J.  18,  897;  also  «7.  pr.  Chem,  14,  19T.; 

Fride^n:^.  Or  \ 

2Fe«0*  156      ....      35*62        „.,        81        .,„        34*44 

3S03 120      ....       27-40        ....        26        ....         28*89 

18HO    162      ...,      36-98        ....        83        ....        36«6y 

Earthy  matter.  Sulphury  )  «» 

aadloei J  —  "'         • 

2Fe«C)»,3SO»+18Aq 438       ....     10000         Z       100     'T!       io6<00 

g,  Fimlphate. — If  to  a  tolerably  concentrated  solution  of  teifulpbata 
of  ferric  oxide,  hydrate  or  carbonate  of  lime  be  added  till  th^  precipitate 
no  longer  re-dissolves,  and  the  liquid  be  rapidly  filtered,  the  dark  brown 
filtrate  contains  the  bisulphate.  This  salt  may  likewise  be  obtaii^ed  hj 
agitating  a  concentrated  solution  of  the  tersulphate  with  the  displphate 
precipitated  in  the  cold  (that  which  is  precipitated  from  a  hot  solutioii 
will  not  dissolve).  The  quantity  of  disulpbate  thus  dissolved  is  noi^ 
however,  sufiicient  to  convert  the  whole  of  the  tersulphate  into  bisulphate. 
The  yellow  deposit  formed  on  crystals  of  green  vitriol  exposed  to  the 
air  consists  of  this  same  salt ;  hence  the  solution  in  cold  water  of  green 
vitriol  thus  altered  deposits  a  large  quantity  of  disulpbate  when  heatedt 

The  solution  of  the  bisulphate,  when  abandoi)^  to  ipopt»noon§  «yii« 

r2 
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poration,  leaves  a  gammy,  yellowish-brown  mass.  When  left  to  itself, 
it  is  partly  resolved  into  disulphate  which  is  precipitated,  and  tersulphate 
which  remains  in  solution;  the  decomposition  is,  however,  less  complete 
as  the  solution  is  more  concentrated.  For  complete  decomposition,  a 
boiling  heat  is  necessary.  This  salt  forms  double  salts  with  the  sulphates 
of  potash  and  ammonia,  and  expels  the  tersulphate  of  ferric  oxide  from 
its  combinations  with  these  alkaline  sulphates.  (Maus,  Fogg,  1 1,  77.) 

Mans. 

Fe^O*  78      ....      49-37        499 

280» 80      ....      50-63        501 

Fc»0»,  2S0» Hi      ....     100-00        ZZ      100-0 

To  this  head  belongs  an  iron  ore  from  the  province  of  Coquimbo,  in 
Chili,  which  occurs  in  globular  deposits  of  a  dingy  yellow- men  coloar, 
silky  lustre,  and  excentrically  fibrous  texture.  Cold  water  decomposes  it 
^udually,  boiling  water  more  quickly,  with  separation  of  ferric  oxide  [or 
disulphate  1].     (H.  Rose,  Fogg,  27,  310.) 

H.  Roee.  Or: 

Fe^O»    78      ....      31-45        ....  28-11  ....        31-44 

2S0» 80      ....      32-26        ....  27-82  ....        31-12 

lOHO   90      ....      36-29        ....  33-48  ....        37-44 

CaO,SO'  +  2Aq ....  m..  6-86 

MgO,SC)>+7Aq ....  ....  363 

Si(y  .^ 1-43 . 

Fe>O»,2SO»+10Aq.      248      ....     10000        Z       10033        Z       100  00 

A  nother  ore,  from  the  same  locality,  occurring  in  thin  six-sided  tables. 
Of  granular,  yellow,  and  translucent,  contains  more  than  2  and  less  than. 
3  atoms  of  sulphuric  acid  to  1  atom  of  ferric  oxide,  viz.  2*64  p.  c.  mag- 
nesia; 26*11  ferric  oxide;  1*95  alumina;  39*60  sulphuric  acid;  29*67 
water;  and  1*37  silica.  (H.  Rose.) 

h,  Tersulphate, — The  so-called  Neutral  Stdphate  of  Ferric  Oxide,^^ 
A  solution  of  green  vitriol,  exposed  to  the  air,  or  boiled  with  nitric  acid 
and  freed  from  that  acid  by  repeated  solution  and  evaporation  to  dryness, 
is  resolved  into  disulphate  of  ferric  oxide  and  soluble  tersulphate.  If  the 
solution  of  the  ferrous  sulphate  is  previously  mixed  with  half  as  much 
sulphuric  acid  as  it  already  contains,  it  is  wholly  converted  into  ferric 
tersulphate.  The  same  solution  is  obtained  by  treating  one  of  the  more  basic 
salts,  or  the  ferric  oxide  itself,  with  dilute  sulphuric  acid,  or  by  treating  iron 
filings  or  ferrous  sulphate  with  excess  of  oil  of  vitriol  till  the  excess  is  eva- 
porated, and  then  dissolving  in  water.  30  lb.  of  hydrated  ferric  oxide,  70lb. 
of  red  oxide,  and  150  lb.  oil  of  vitriol,  heated  in  an  iron  vessel,  rise  to  a 
bright  red  heat,  with  evolution  of  sulphuric  acid,  vapour  being  evolved, 
and  portions  of  the  mass  projected  out  of  the  vessel.  (Priickuer,  Sckw. 
66,  296.)  The  yellowish-brown  liquid,  which  strongly  reddens  litmus, 
is  converted  by  evaporation  into  a  brownish-yellow  syrup ;  and  this, 
when  kept  for  some  time,  .solidifies  into  a  partly  pale  yellow,  partly 
white  mass  of  indistinct  crystals.  The  colourless,  regular  octohedrons 
obtained  from  the  solution  by  Hausmann  and  Sylvester  {Ann,  Fhil,  13, 
298  &  460)  probably  consisted  of  ammonia  iron-alum  or  potash  iron-alum. 
On  further  evaporation,  there  remains  a  brown  resinous  mass,  which,  when 
completely  deprived  of  its  water,  is  converted  into  the  dirty-white  anhy- 
drous salt.  The  resinous  mass  is  diflScult  to  dry ;  but  if  mixed  with 
water  while  still  hot»  it  solidifies  suddenly,  and  may  then  be  easily  dried 
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at  a  gentle  heat.  (Wittstein,  Repert.  63,  223.)  The  anhydrous  salt  is  a 
white  powder,  which  dissolves  slowly,  and  consequently  has  bat  a  very 
slight  taste;  in  the  state  of  solution,  however,  it  tastes  strongly  ferruginous. 
When  somewhat  strongly  heated,  it  gives  off  anhydrous  sulphuric  acid. 
It  slowly  absorbs  moisture  from  the  air,  and  ultimately  deliquesces  to  a 
brown  liquid.  It  is  perfectly  insoluble  in  strong  oil  of  vitriol,  by  which, 
indeed,  it  is  precipitated  from  the  concentrated  aqueous  solution  in  the 
form  of  the  white  dehydrated  salt.  The  concentrated  aqueous  solution 
does  not  become  turbid  on  boiling;  but  the  more  dilute  it  is^  the  more 
turbid  does  it  become,  and  the  lower  is  the  temperature  required  to 
produce  the  turbidity;  the  deposit  consists  of  the  terbasic  salt.  The 
solution  of  1  pt.  of  the  salt  in  100  water  begins  to  show  turbidity  at  95^^ 
and  deposits^  on  boiling,  about  one-third  of  its  ferric  oxide  in  the  form  of 
tersnlphate;  with  200  parts  of  water,  these  numbers  are  70^  and  ^ ;  with 
400  water,  59°  and  J;  with  800  water,  50  and  |;  with  1000  water,  47*5 
and  1^.  (Th.  Scheerer,  Pogg.  44,  453.)  When  the  solution  is  digested 
with  iron  filings,  ferrous  sulphate  is  produced;  hydrogen  gas  is,  however, 
evolved  at  the  same  time,  and  a  basic  salt  of  ferric  oxide  precipitated. 
(Berzelius.)  On  boiling  the  solution  with  silver,  sulphate  of  ferrous  oxide 
and  sulphate  of  silver-oxide  are  produced;  but  as  the  liquid  cools,  the 
silver  is  again  precipitated  and  the  ferric  salt  reproduced.  {Sch,  94.) 
The  solution  mixed  with  common  salt  evolves  hydrochloric  acid  at  60^; 
and  if  it  be  evaporated  to  dryness,  and  the  residue  further  heated  with 
access  of  air,  chlorine  is  given  off,  and  sulphate  of  soda,  together  with 
free  ferric  oxide^  left  behind.  ^Schaffhautl,  Ann*  Fharm,  43^  28.)  The 
salt  is  likewise  soluble  in  alcohol. 

Thomson^ 
BuBSy  &  Lecanu. 

Fe«0» ... .        78      ....      39-39        ........        40 

380^   120      ....      60-61        60 

Fe=»08,3SO» 108      ....     100*00        ZZ      100 

CoquimhUe, — Found  together  with  the  two  ores  of  iron  described  on 
page  244.  Fig.  137;  r:cr=151'';  cleavage  imperfect,  parallel  to  r  and  cr; 
fracture  conchoidal;  colour  violet-white.  It  appears  to  have  been  produced 
by  the  weathering  of  iron  pyrites.  It  dissolves  in  hydrochloric  acid,  or 
in  cold  water,  with  the  exception  of  the  silica;  the  latter  solution  deposits 
a  large  quantity  of  ferric  oxide  on  boiling;  when  left  to  itself  at  ordinary 
temperatures,  it  yields  indistinct  crystals.  (H.  Rose,  Pogg,  27^  310.) 


H.  Rose. 

Or: 

Fe»03    

78 

27-08 

2411 

.••• 

25-24 

AlW    ....... 

«•• 

0-92 

.... 

0-96 

3SOa    

120 

41-67 

41-87 

••«. 

43-84 

lOHO  

90 

31-25 

28-62 

•••. 

29-96 

Ca0,SO3  + 

2Aq 

••« 

2-24 

MsO,S08  4 

7Aq 

»«t 

1-97  ' 

SiO* 

•  •• 

0-31 

Fe203,3S03 

+  lOAq. 

288 

10000 

10004 

•  •a. 

10000 

Q.  Ferrous  Sulphocarbonate. — An  aqueous  solution  of  sulpho- 
carbonate  of  calcium  yields,  with  ferrous  salts,  a  clear  mixture  of  a  deep 
wine-red  colour,  which  gradually  becomes  darker,  and  ultimately  forms  a 
liquid  which  appears  ink-black  by  reflected  light ;  when  the  ferrous  salt 
is  in  excess,  part  of  the  compound  is  deposited  in  the  form  of  a  black 
powder.  (Berzelius.) 
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E.  Ferric  StrLpflocARBONATE.— Ferric  salts  yield,  with  aqueous  sul- 
pbocarbonate  of  calcium,  a  deep  red  precipitate,  which  retains  its  colour 
when  dry,  and  yields  an  umber-brown  powder.  When  gently  heated,  it 
gives  off  first  bisulphide  of  carbon,  then  sulphur,  and  leaves  protosulphide 
of  iron.    It  is  insoluble  in  water.  (Berzelius.) 

S.  Ferrous  Htpostilphophosphitb.  —  FeS,  P8.  Artificial  -J-sul- 
phide  of  iron  finely  pulverized  and  heated  with  protosulphide  of  phos- 
phorus in  a  bulb-tube  (p.  20),  through  which  a  current  of  hydrogen  gas 
is  passed,  takes  up  the  sulphide  of  phosphorus  with  avidity,  and  the 
deep  yellow  colour  of  the  powder  is  thereby  converted  into  black.    The 

firoduct  is  FeS,P8^  contaminated  with  a  small  quantity  of  2FeS,PS*. 
Berzelius.) 

T.  Ferrous  Bulphophosphite.— 2FeS,PS*.  Obtained  by  heating 
pulverized  iron  pyrites  in  the  same  manner  with  protosulphide  of  phos- 
phorus; combination  takes  place,  attended  with  powerful  evolution  of  heat. 
After  the  excess  of  protosulphide  of  phosphorus  has  been  distilled  off, 
there  remains  a  lump  reddened  externally  by  a  deposit  of  PS,  PS,  deep 
yellow  within,  with  a  faint  metallic  lustre,  and  somewhat  granular.  The 
compouhd,  when  distilled,  leaves  2FeS,PS  in  the  form  of  a  black-brown 
residue,  Which  is  not  decomposed  by  hydrochloric  acid,  but  ouly  by  boiling 
aqua-re^ia.  The  undecomposed  compound  is  likewise  insoluble  in  boilinc^ 
hvdrocnloric  acid.  In  damp  air  it  is  slowly  decomposed,  emitting  a  &int 
odour  of  sulphuretted  hydrogen.  (Berzelius,  Ann,  Pharm.  46,  256.) 


^"9%  lull 

P 

ftB  


Berzelias. 

54*0 

•.•• 

32-65 

33-90 

81*4 

•t.. 

18-98 

!••.**            Io'Ia 

80*0 

*>»« 

48-37 

»••••«            47**70 

IVeS,PS'    ....      165*4      ....     100*00        10000 

IT.  Phospbosuiphate  o^  Ferric  QxiDiR^^DiadochiU,  Resembles 
iron-cinder  in  outward  appearance;  kidney-shaped  or  stalactitic;  separates 
in  scales;  fracture  conchoidal;  brownish-yellow,  somewhat  translucent; 
ooloum  the  blowpipe  fiame  green,  and  fuses  at  the  edges,  with  some  intu- 
mescence, to  a  black,  slightly  magnetic  enamel.  (Breithaupt,  J.  pr,  Cfum. 
10,  503;  Plattner,  ItammeUberg.  ffandwdrterb,  d.  Min.  Suppl.  1,  45.) 
Boiling- water  extracts  from  the  pulverized  mineral  12*6  p.  0.  sulphuric 
acid,  without  any  ferric  oxide;  2*3  p.  c.  acid  remains  behind.  (Rammels- 
berg,  loc.  cU.)  It  appears  to  be:  (Fe'0',2PO*+8Aq.)+4(Fe»0',SO' 
+  «Aq). 

JMadotHte.  Plattner. 

6Fe»0»..... 390-0      ....      39-77        3969 

2PO»..;.. 142*8      ....       14*56        14-81 

4SO» 1600      ....       16*31         1515 

32HO  288*0      ....      29*36        3035 


980*8      ....    100*00        i      10000 


Iroiv  akd  Selenium. 

A.  Bfit^tDfi  o^  Iroit.—- Vapours  of  selenium  passed  over  heated 
ih>n  filings  combine  therewith,  producing  considerable  evolution  of  light 
and  heat;  when  iron  filings  are  heated  with  pulverised  selenium,  partial 
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combination  takes  place^  unattended  with  visible  combustion.    Yellowish* 

fray,  with  metallic  lustre;  hard,  brittle,  with  granular  fracture;  when 
eated  alone,  it  does  not  fuse,  but  merely  bakes  together.  Fuses  before 
the  blowpipe,  giving  off  suboxide  of  selenium,  and  forming  a  black, 
brittle  globule,  which  has  a  oonchoidal  fracture,  and  appears  to  consist 
of  ferrous  selenite.  Dissolves  in  hydrochloric  acid,  with  evolution  of 
seleniuretted  hydrogen  gas.  If  the  hydrochloric  acid  contains  air,  or  if 
the  air  has  access  to  the  liquid,  a  red  cloud  is  formed,  arising  from  the 
separation  of  selenium;  at  the  same  time  there  is  evolved  another  gas 
which  has  a  very  disagreeable  odour,  is  not  absorbed  by  water  or  by 
aqueous  alkalis,  and  gives  a  black  precipitate  with  nitrate  of  merourous 
oxide. 

Pounded  eelenide  of  iron,  when  heated  with  free  selenium,  takes  up 
an  additional  quantity,  and  is  converted  into  a  brownish  powder,  which  is 
insoluble  in  hydrochloric  acid,  and  gives  off  the  excess  of  selenium  at  a 
strong  red  heat.  (Berzelius.) 

B.  Selbnitb  of  Ferrous  Oxide,  or  Febrous  SBLBKiTB.*->^Iron  is 
scarcely  attacked  by  selenious  acid,  but  becomes  covered  with  a  copper- 
coloured  film  of  selenium. — a.  Monoselenite.  Formed  by  double  affinity. 
White  precipitate,  which,  when  exposed  to  the  air,  first  turns  grey,  and 
then  yellow.  Wiien  freshly  precipitated,  it  dissolves  in  hydrochloric 
acid — the  solution  containing  ferric  oxide  and  selenious  acid,  and  a  portion 
of  the  selenium  being  separated. 

b.  Biselenite. — By  dissolving  a  in  selenious  acid,  from  which,  how- 
ever, it  is  soon  deposited.     Slightly  soluble  in  water;  the  solution,  when 
heated,  yields  a  brown  precipitate,  which  is  a  mixture  of  selenium  and ' 
ferric  selenite.  (Berzelius.) 

C.  Selenite  of  Ferric  Oxide,  or  Ferric  Selenite. — a.  Sesqui- 
selenite, — By  digesting  &  or  c  in  ammonia.  Does  not  dissolve  in  water^ 
but  passes  with  it  through  the  filter.  Contains  about  48  ferric  oxide  to 
52  acid;  the  latter  is  completely  evolved  on  the  application  of  heat. 

b.  TersdenUe, — By  double  decomposition.  White  powder,  becoming 
somewhat  yellowish  when  dry.  When  heated,  it  gives  off  water,  turns 
red,  and  loses  all  its  acid.  According  to  Muspratt,  it  contains  4  atoms  of 
water. 

c.  Ssxselenite. — When  iron  is  dissolved  in  excess  of  a  mixture  of 
boiling  nitric  acid  and  selenious  acid,  this  salt  crystallizes  on  cooling  in 
pistaccio-green  laminae,  which  give  off  their  water  and  turn  black  when 
heated,  afterwards  become  red  on  cooling,  and  give  off  all  their  selenious 
acid,  leaving  sesquioxide  of  iron.  It  is  insoluble  in  water,  but  dissolves 
in  hydrochloric  acid^  forming  an  orange-yellow  solution.  (Berzelius.) 


Iron  and  Iodine. 

A.  Protiodide  of  Iron,  or  Ferrous  Iodide.-^!.  The  two  sabstances 
unite  readily,  with  slight  evolution  of  heat>  and  form  a  brown  maas 
which  fuses  at  a  red-heat  and  volatilizes  at  a  higher  temperature. 
(Guy-Lussac,  H.  Davy.) — 2.  Serullas,  by  passing  iodine  vapour  and 
vapour  of  water  through  a  red-hot  gun-barrel  containing  charcoal,  ^  ob- 
tained highly  lustrous  crystals  which  looked  like  gold  filings  and  contained 
iodine  and  iron. — 3.  When  1  part  of  iron  is  digested  in  water  with  8  parts 
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of  iodine  and  tbe  resulting  aqneons  iodide  of  iron  boiled  down  in  a  glsfis 
flask  in  \rhicfa  an  iron  wire  is  placed,  a  steel-grey  mass  is  obtained,  baving 
a  laminar  fracture,  fusing  at  177%  of  sbarp  and  astringent  taste,  and 
smelling  of  iodine  while  yet  moist.  When  strongly  heated  in  the  air,  it 
^ires  off  iodine  in  vapour,  and  is  converted  into  ferric  oxide.  (Todd 
Thomson.) 

Hydrated  Protiodide  of  Iron^  or  HydriodaU  of  Ferrom  Oxwfc.— The 
aqueous  solution  evaporated  in  the  water-bath  yields  dark  greenish-brown 
rhombic  crystals,  which,  when  strongly  heated  in  the  air,  give  off  water 
and  iodine  and  leave  sesquiozide  of  iron.  (J.  D.  Smith,  FhxL  Mag,  J.  7, 
156;  also  N.  Br.  Arch.  5,  56.)  The  aqueous  solution  concentrated  in  a 
retort  till  it  froths  up  and  attains  the  consistence  of  oil,  solidifies  to  a 
greenish-black  crystalline  mass,  consisting  of  green  crystals  which  pass  to 
a  higher  state  of  oxidation  even  when  kept  in  air-tight  but  not  exhausted 
vessels.  (Kemer,  Ann.  Fkarm.  29, 183.) — The  crystalline  mass  is  greyish- 
black,  radiating,  and  yields  a  bluish-green  powder,  which,  when  kept  for 
4  months  in  a  stoppered  bottle,  becomes  covered  with  laminie  of  iodine, 
and  afterwards  dissolves  but  partially  in  water,  forming  a  black-brown 
solution,  while  ferric  oxide  remains  undissolved.  (Preuss,  Ann.  FharoL, 
29,  829.) 

AnkydrfntM,  CryitdUiztd.  Smitli. 

Fe 27    ....     17-65  Fe 27    ....     13-64      ....      14-U 

I  126    ....     82-35  I    126    ....     6364      ....      6364 

5H0 45     ....     22-72      ....       2222 

Fel  153     ....  100-00  +5Aq 198    ....  10000      ....     100-00 

Aqueotis  Frotiodide  of  Iron,  or  Aqueoru  Eydriodaie  of  Ferrous  Oxide. 
*— When  1  part  of  iron  is  brought  in  contact  with  2  or  3  parts  of  iodine 
and  with  water,  heat  is  evolved  and  a  pale  bluish-green  solution  formed. 
This  liquid  rapidly  absorbs  the  oxygen  of  the  air,  with  formation  of  ferric 
oxide-— whereby  a  small  quantity  of  basic  salt  is  deposited — ^and  evolution 
of  iodine.  This  tendency  to  oxidation  may  be  almost  wholly  prevented 
by  adding  sugar  in  quantity  equal  to  twice  that  of  the  iodine,  and 
evaporating  to  the  consistence  of  syrup.  (Frederking.) 

There  appears  to  be  no  Sesqui-iodide  of  Iron,  or  Terhydriodate  of 
Ferric  Oxide, 

1.  When  2  parts  of  iodine  diffused  through  water  are  saturated 

iron,  and  1  part  more  of  iron  added  to  the  pale  green  filtrate  (which  is 
capable  of  taking  up  more  than  1  pt.)  there  is  produced  a  dark  red-brown 
mixture,  which  smells  strongly  of  iodine,  and  is  probably  a  mere  solution 
of  iodine  in  aqueous  protiodide  of  iron  [hydriodite  of  ferrous  oxide];  it 
exhibits  the  reactions  of  a  ferrous  salt:  Green  precipitate  with  caustic 
all>alis  and  green  with  alkaline  carbonates,  soon  turning  red-brown;  no 
colouring  with  snlphocyanide  of  potassium  (but  on  the  addition  of  sesqui- 
chloride  of  iron,  tne  red  colour  immediately  appears);  blue  with  starch; 
and  nevertheless  a  blue  precipitate  with  ferrocyauide  of  potassium.  The 
mixture  when  evaporated  gives  off  iodine  and  leaves  a  brown-red  mass. 
(Kerner,  Ann.  Fharm.  30, 117.) — The  precipitate  formed  by  ferrocyauide 
of  potassium  is  light  blue  at  first  and  afterwards  [in  consequence  of  the 
free  iodine  1]  becomes  dark  blue.  Ferricyanide  of  potassium  gives  imme- 
diately a  dark  blue  precipitate.  The  solution  evaporated  to  the  consistence 
of  syrup,  whereby  iodine  is  evolved,  crystallizes  on  cooling  in  very 
deliquescent  red-brown  needles,  from  which  water  extracts  protiodide  of 
iron  containing  excess  of  iodine,  and  leaves  ferric  oxide.  (Oberdorffer, 
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iiT.  Br,  Arch,  22,  206.)  — 2.  Aqaeous  hjdriodic  acid  prepared  from 
126  parts  of  iodine,  when  gently  heated  with  excess  of  recently  preci* 
pitated  hydrate  of  ferric  oxide,  dissolves  a  quantity  corresponding  to 
62*56  parts  of  the  anhydrous  oxide.  The  solution  smells  of  iodine  and 
exhibits  the  reactions  mentioned  under  (1);  hence  it  would  appear  that 
part  of  the  ferric  oxide  and  the  hydriodic  acid  decompose  each  other, 
yielding  protiodide  of  iron,  free  iodine,  and  water.  (Kemer.)  [The 
quantity  of  ferric  oxide  which  Kemer  found  to  be  dissolved,  is  too  great 
to  correspond  with  the  formula:  Fe*0'+3HI=2FeI  +  I  +  3HO.]--The 
yellowish-red  solution  of  ferric  oxide  in  aqueous  hydriodic  acid  is  partly 
resolved  by  heat  into  protiodide  of  iron  and  free  iodide.  (Lassaigne, 
J,  Ckim,  mid,  5,  833.) — 3.  Aqueous  protiodide  of  iron  deposits  ferric 
oxide  when  exposed  to  the  air;  the  remaining  liquid,  however,  contains  no 
sesqui-iodide  of  iron,  but  (to  judge  by  its  reactions  with  alkalis)  protiodide 
of  iron  and  free  iodine.  fP.  Squire,  FkU,  Mag,  J,  9,  79.) 

According  to  Berzelius,  the  brown  powder  which  is  deposited  on 
exposing  aqueous  protiodide  of  iron  to  the  air,  is  not  pure  ferric  oxide,  but 
a  basic  salt. 

B.  lodate  of  Ferrous  Oxide,  or  Ferrous  lodaie  9 --^  Iron  dissolves 
without  effervescence  in  iodic  acid  either  dilute  or  concentrated;  when  the 
solution  IS  boiled,  a  white  powder  is  precipitated.  (A.  Connell,  i\r.  Edinh, 
Phil,  J,  \\,  72.) — lodate  of  potash  gives  a  yellowish- white  precipitate 
with  solution  of  green  vitriol.  (Pleischl.)  The  precipitate  is  soluble  in 
excess  of  solution  of  green  vitriol;  hence,  it  is  only  on  the  addition  of 
considerable  quantities  of  iodate  of  potash,  that  the  precipitate,  which  is 
of  a  dingy  flesh-colour,  becomes  permanent.  It  has  an  astringent,  ferru- 
ginous taste.  It  dissolves  sparingly  in  water,  readily  in  solution  of  green 
vitriol;  the  latter  solution,  when  boiled,  deposits  basic  iodate  of  ferric 
oxide,  iodine  being  set  free  at  the  same  time.  (Geiger,  Mag,  Fharm.  29, 
253.) — The  precipitate  which  iodate  of  potash  yields  with  green  vitriol  is 
white  at  first,  but  soon  turns  yellow,  giving  off  iodine  and  increasing  in 
quantity,  ana  afterwards  changes  to  brown  basic  iodate  of  ferric  oxide. 
The  mother-liquid,  which  has  a  yellow  colour,  deposits  an  additional 
quantity  on  boiling,  and  is  afterwards  found  to  contain  free  hydriodic 
acid,  (Rammelsberg,  Pogg,  44,  559.) — ^With  hydrochlorate  of  ferrous 
oxide  iodate  of  potash  gives  a  white  precipitate,  which  when  heated  gives 
off  chlorine  and  turns  brown.  (Simon.) 

C.  Iodate  of  Ferric  Oxide. — a,  Basic  Salt, — Precipitated,  on 
heating  a  mixture  of  iodate  of  potash  and  green  vitriol,  in  the  form  of  a 
yellowish-brown  powder,  having  an  astringent,  ferruginous  taste.  When 
heated  in  contact  with  paper,  it  detonates  and  gives  off  iodine  vapour. 
(Geiger.) — The  light  brown  precipitate  which  forms  when  the  mixture  is 
left  to  stand  in  the  cold  for  some  time,  dissolves  in  hydrochloric  acid  with 
rapid  evolution  of  chlorine,  whereupon  ammonia  throws  down  a  mixture 
of  hydrated  ferric  oxide  and  iodide  of  nitrogen,  which  detonates  violently 
when  dry.  Dissolves  readily  in  nitric  acid,  forming  a  liquid  whicn 
contains  no  hydriodic  acid,  smce  it  gives  with  nitrate  of  silver-oxide  a 
copious  precipitate  perfectly  soluble  in  ammonia.  The  light  brown 
precipitate  contains  19*28  per  cent,  of  ferric  oxide,  70*73  iodic  acid,  and 
9  99  water;  it  is  therefore  3Fe*0',5lO*-|-15Aq.  (Rammelsberg.)  [The 
formula  4Fe'0^7IO^-hI8Aq.  corresponds  still  more  closely  with  the 
analysis;  but  both  these  formula?  are  improbable.] 
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5.  Bmiodaie. — Iodic  acid  and  iodate  of  potash  form  with  hydrochlorate 
of  ferric  oxide  a  white  precipitate  soluble  in  excess  of  the  ferric  hydro- 
chlorate.  (Pleischl.)  This  precipitate,  after  washing  and  drying,  has  a 
dirty  white  colour  and  a  weak  ferruginous  taste;  is  resolred  by  heat  into 
iodine  vapour  and  ferric  oxide;  deflagrates  with  a  violet  light  when  heated 
with  charcoal  powder;  dissolves  readily  in  hydrochlorate  of  ferric  oxide 
and  in  500  parts  of  cold  water.  The  latter  solution  is  colourless,  but 
turns  slightly  brown  when  heated  and  deposits  a  few  flakes.  ^Geiger.)-* 
The  precipitate  obtained  with  iodate  of  soda  and  sulphate  of  lerrio  oxide 
and  ammonia  is  yellowish-white,  with  a  tinge  of  red  after  drying;  is 
resolved  at  a  red-heat  into  oxygen  ms,  iodine  vapour  and  ferric  oxide; 
and  is  sparingly  soluble  in  nitric  acid.  (Rammelsberg.) 

Ramtnelsberg. 

re»0» 78      ....      16-18        ....        15-92 

2IO*  832      ....      88-88        ....        69'37 

8H0  72      ....       14-94        ....        1471 

Ffc»0«,2IO»  +  8Aq.       482       ....     10000        Z       10000 

D.  and  E.  Ferrous  and  Ferric  Periodates. — Mono-iodate  of  soda 
gives  with  ferrous  and  also  with  ferric  salts,  yellowish- white  precipitates 
soluble  in  dilute  nitric  acid.  (Benckiser,  Ann,  Fharm,  17,  260.) 


Iron  and  BroMine. 

A.  PROTOBROHIDE  OF  Iron,  or  Ferrous  Bromide. — Bromine  does 
not  act  upon  iron  in  the  cold.  (Berthemot.) — 1.  When  bromine  vapour 
is  passed  over  gentlv  ignited  iron  wire,  the  wire  glows  vividly,  fuses,  and 
is  converted  into  yellowish  protobromide  of  iron.  (Liebig,  Schw.  48,  lOT.) 
—Iron  filings  similarly  treated  bake  together  into  a  greyish  mass  covered 
with  golden-yellow  scales  of  [sesquitj  bromide  of  iron  which  may  be 
sublimed.  (Berthemot,  Ann,  Chim,  rkys.  44,  391;  also  J,  Pharm.  16, 657.) 
— 2.  When  iron  filings  are  heated  with  hydrobromate  of  ammonia^ 
hydrogen  gas  and  ammonia  are  evolved,  and  bromide  of  iron  in  a  very 
difilcuTtly  fusible  state  remains  behind.  (Lowig.) — 3.  A  solution  of  iron 
in  bromine  and  water,  the  iron  being  in  excess,  leaves  dry  bromide  of"^ 
iron  when  evaporated.  (Berthemot.) — Protobromide  of  iron,  when  ignited 
in  the  air,  yields  a  sublimate  of  sesquibromide  of  iron,  while  sesquioxido 
remains  behind.  (Lowig.) 

Aqueoui  Protobromide  of  Iron,  or  Hydrolromate  of  Ferrous  Oxide. — 
When  bromide  of  iron  is  dissolved  in  water,  or  when  iron  is  dissolved  in  a 
mixture  of  bromine  and  water,  or  in  aqueous  hydrobromic  acid,  a  pale 
green  solution  is  obtained,  which,  when  cooled  after  evaporation,  yields 
rhombic  tables  of  sex-hydrated  bromide  of  iron,  and  when  exposed  to  the 
air  turns  brown  and  deposits  ferric  oxybromide.  (Ldwig.) 

ilflAynrtfM.  Bcrtnsniot* 

Fe 27-0      ....      25-62    ....    26-04  Tt 27*0  ....  16-94 

Br 78-4      u..      74-88    ....    73-96  Br 78-4  ....  49-18 

6HO 64-0  ....  83-88 


PeBr 105-4      ....     100-00    ....  100-00  +6Aq 159-4      ....     10000 

B.  6ESfi0iBROMtDB  OP  Iron,  or  Fbrrtc  Bromide. — 1.  By  heating  the 
protobromide  with  bromine.  (L&wig.) — %%  By  evaporating  to  dryness  a 
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solution  of  iron  in  excess  of  bromine-water.  (Liebig. — Brown-red ;  fuses 
at  a  gentle  beat;  while^  at  a  bigher  temperature^  part  of  it  sublimes  in 
laminse  resembling  mosaic  gold^  and  tbe  rest  is  resolved  into  vapour  of 
bromine  and  a  residue  of  ferrous  bromide.  (Lowig.) 

Aqueovs  Sesquibromide  of  Iron,  or  Hydrdbromate  of  Ferric  Oxide,"^ 
Sesquibromide  of  iron  deliquesces  wben  exposed  to  tbe  air.  (Liebig.)-— 
Tbe  same  solution  is  obtained  bj  dissolving  bydrated  ferric  oxide  in 
aqueous  hydrobromic  acid,  or  bv  mixing  aqueous  protobromide  of  iron 
witb  bromine.  The  solution,  which  is  of  a  yellowish-brown  colour,  much 
darker  than  that  of  the  sesquichloride,  and  has  a  strongly  ferruginous 
taste,  gives  off  hydrobromic  acid  when  evaporated,  and  deposits  the  fol- 
lowing compound.  It  does  not  yield  crystals  when  concentrated  to  the 
consistence  of  a  symp ;  but  when  completely  evaporated,  leaves  a  brown- 
red  mixture  of  the  following  compound  and  sesquibromide  of  iron,  which 
latter  may  be  sublimed  by  heat.  (L5wig.) 

C.  Ferric  O&tbromide. — ^A  compound  of  sesquioxide  of  iron  with 
the  sesquibromide. — Precipitated  on  evaporating  the  adueoos  solution  of 
sesquibromide  of  iron,  or  on  mixing  it  with  an  insumcient  quantity  of 
potash-ley,  or  on  exposing  aqueous  protobromide  of  iron  to  the  air. 
(Lowig.) 

Bromine-water  converts  hydrated  ferrous  oxide  into  hydrated  ferric 
oxide  and  bromide  of  iron,  which  dissolves;  not  a  trace  of  ferric  oxide  is 
taken  up.  (Balard.) 

Bromate  of  Ferrous  Oxide  does  not  appear  to  exist.  Green  vitriol 
yields  with  bromate  of  potash  a  brown-red  precipitate,  which  dissolves  in 
a  larger  quantity  of  water,  forming  a  brown-red  solution.  (Lbwig.)  This 
precipitate  consists  of  basic  sulphate  of  ferric  oxide,  and  tibe  liquid  con- 
tains free  bromine.  (Rammelsberg.)  Bromate  of  potash  yields,  with 
bydrochlorate  of  ferrous  oxide,  without  precipitation,  a  darker  mixture, 
which  acquires  a  dark  brown  colour  when  heated.  (Simon.) 

D.  Bromate  of  Ferric  Oxide,  or  Ferric  Bromate. — Recently 
precipitated  hydrate  of  ferric  oxide  yields,  with  aqueous  bromic  acid,  a 
reddish-yellow  solution,  which,  when  evaporated  over  oil  of  vitriol  in  a 
receiver  filled  with  air,  acquires  a  greenish  tinge,  and  without  yielding 
crystals,  forms  a  syrup,  and  afterwards,  on  evaporation  over  the  water- 
bath,  a  dark  brown  mass,  from  which  water  dissolves  out  the  smaller 
portion,  forming  a  yellowish  solution,  while  the  greater  part  remains 
undissolved  in  the  form  of  a  quintohasic  salt.  This,  when  ignited,  evolves 
water,  oxygen  gas,  and  bromine  vapour,  and  leaves  black  ferric  oxide;  it 
dissolves  m  nitric  acid.  (Rammelsberg,  Fogg.  55,  68.) 
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Iron  and  Chlorine. 

Protochloride  op  Iron,  or  Ferrous  Chloridb. — t.  Formed  by 
boiling  down  a  solution  of  iron  in  hydrochloric  acid  out  of  contact  of  air, 
and  heating  the  Residue  till  the  water  is  expelled.    The  heating  may  bo 
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performed  in  a  glass  tube  closed  at  one  end,  and  drawn  out  to  a  fine  point 
at  the  other;  or  in  a  stream  of  hydrogen  gas. — 2.  By  passing  chlorine 
gas  through  a  red-hot  gnn-barrel  filled  with  iron  turnings,  the  barrel 
being  connected  immediately  at  the  part  which  projects  from  the  furnace, 
with  a  receiver  in  which  the  chloride  of  iron  sublimes. — 3.  By  passing 
hydrochloric  acid  gas  over  red-hot  iron  filings. — #.  When  iron  filings  are 
heated  with  sal-ammoniac,  protochloride  of  iron  remains  in  the  residue. 

When  prepared  by  method  (1),  it  is  white  (Chevreul),  without  metallic 
lustre,  opaque,  and  has  a  laminar  fracture;  fuses  at  a  red  heat,  but  doea 
not  volatilize  even  at  the  melting  point  of  glass.  (J.  Davy,  Schw,  10,326.) 
•^By  (2),  small  white  scales  are  obtained.  (Thenard,  TraiU.\—By 
(3),  white  micaceous  scales.  (Wohler  &  Liebig,  Fogg.  21,  582.) — By 
(4),  Pagenstecher  (iT.  Tr,  3, 1,  399)  obtained  a  mass  consisting  of  soft, 
wnite,  silky  laminae,  which  dissolved  in  water  without  evolution  of  heat, 
and  formed  a  colourless  liquid,  which  turned  green  in  the  air,  and  gave 
a  black  precipitate  with  ammonia. 

J*  Davy. 

F« 27*0      ....      43-27        ........        4657 

g    35  4      ....      56-73        53-43 

FeCl   6?4      ..„     100-00        10000 

Decomposed  by  ignition  in  a  stream  of  oxygen  gas  or  with  chlorate 
of  potash,  yielding  ferric  oxide  and  chlorine.  (Gay-Lussac.)  When 
heated  with  moderate  excess  of  air,  it  gives  up  one-third  of  its  iron  to  the 
oxygen,  and  is  converted  into  sesquichloride  of  iron  which  sublimes,  and 
fiesquioxide  which  remains  behind: 

6FcCl + 30  =:  2Fe»CP  +  FeW. 

When  brought  in  contact  with  vapour  of  water  at  a  red  heat,  it  gives  off 
hydrochloric  acid  and  hydrogen  gas,  and  is  converted  into  ferroso -ferric 
oxide.  (Gay-Lussac,  Ann.  Chim.  Fhys,  22,  424.) 

3FeCl  +  4H0  =  Fc»0<  +  3HC1  +  H. 

With  phosphuretted  hydrogen  gas,,  even  at  ordinary  temperatures,  it 
forms  hydrochloric  acid  gas  and  phosphide  of  iron.  (H.  Rose,  Fogg. 
24, 301.) — Oil  of  vitriol  decomposes  it,  even  when  cold,  the  products  being 
hydrochloric  acid  gas  and  ferrous  sulphate.  (A.  Vogel.)  Does  not  yield 
sulphide  of  iron  when  ignited  with  sulphur.  (A.  Vogel.) 

THrorhydrated  Protochloride  of  Iron,  or  Ter-kydrated  Eydrocklorate 
of  Ferrous  Oxide, — Formed  by  evaporating  and  cooling  a  saturated  solu- 
tion of  iron  in  hydrochloric  acid  out  of  contact  of  air. — Hydrochloric  acid 
is  boiled  with  excess  of  iron  in  a  narrow-neckcd  flask,  till  it  is  thoroughly 
saturated  and  sufficiently  concentrated;  the  liquid  thereby  acquires  a 
brownish-grey  colour,  and  often,  towards  the  end  of  the  operation,  becomes 
pale  grej  from  formation  of  a  basic  ferrous  salt,  and  exhibits  a  tendency 
to  frothing;  hence  the  heat  must  be  kept  moderate  towards  the  close  of 
the  process.  The  solution  is  then — as  in  the  preparation  of  green  vitriol — 
passed  through  a  filter  moistened  with  water,  the  filter  being  placed  in  a 
funnel  having  a  long  neck  which  reaches  to  the  bottom  of  a  vessel  pre- 
viously rinsed  out  with  hydrochloric  acid.  The  resulting  crystals  are 
exposed  to  sunshine  at  a  temperature  between  30^"  and  40",  and  constantly 
turned  till  they  are  dry;  they  are  then  preserved  in  stoppered  bottles. 
They  keep  best  when  they  have  been  dried  at  50*':  at  that  temperature, 
however,  they  efiloresce  dightly.  (v.  Bonsdorfl;  Pogg.  31,  89.)— Light 
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blae,  translncent,  oblique  rhombic  priBins^  trancated  on  the  acute  lateral 
edges  (Fig,  87),  without  the  i-  and  ^faces;  often  shortened  into  tables. 
(Bonsaorff.)  Pale  green,  broadly  truncated  rhombic  octohedrons,  or 
rhombic  prisms  acuminated  with  octohedral  faces.  (Figs.  42  and  44  ; 
Beimann,  Mag.  Fharm,  17,  215.) — In  ordinary  air,  tlie  crystals  soon 
acquire  a  grass-green  colour;  in  air  dried  by  oil  of  vitriol,  they  quickly 
effloresce  to  a  white  powder.  (Bonsdorff.)  When  heated,  they  fuse  in 
their  water  of  crystallization.  (Keimann.) 

When  iron  is  dissolved  in  strong  hydrochloric  acid,  crystals  are  formed 
at  a  certain  stage  of  the  operation,  which  dissolve  in  water  with  decrepi- 
tation and  evolution  of  an  inflammable  gas.  (Hess,  J.  pr,  Chem.  25,  126): 

CfryttaUisted.  Bonsdorff.  Reimann. 

Fe 27-0      ....      27-44)  ^,.05  i 

CI 35-4      ...      35-98/      '^^  ^^       '"'       \  33*33 

4H0    360      ....      36-58        3605 

FeCl  +  4Aq 9SA      ....     100*00        ZZ       10000 

According  to  Graham,  also  {Ann.  Fharm,  29,  31)  the  crystals  contain 
4  At.  water  to  1  At.  chloride  of  iron. 

Protochloride  of  iron,  whether  dry  or  hydrated,  deliquesces  rapidly  in 
the  air  and  dissolves  readily  in  water  and  alcohol;  1  part  of  the  hydrated 
salt  requires  0*68  cold  water  to  dissolve  it.  (Reimann.) 

The  aqueous  solution  of  protochloride  of  iron — ^in  the  same  manner  as 

freen  vitriol — absorbs  1  At.  nitric  oxide  gas,  and  thereby  acquires  a 
ark  greenish-brown  colour.  249*6  pts.  (4  At.)  protochloride  of  iron 
dissolved  in  either  a  large  or  a  small  quantitv  of  water,  absorbs  25*14 
pts.  of  nitric  oxide,  and  the  mixture  exhibits  the  same  relations  as  that 
obtained  with  green  vitriol. — Dry  protochloride  of  iron ,  likewise  absorbs 
a  small  quantity  of  nitric  oxide,  and  becomes  dark-coloured.  100  parts 
of  dry  protochloride  of  iron  absorb  from  2  to  3*66  parts  of  perfectly  dry 
nitric  oxide  gas.  (Graham. ) — A  much  larger  quantity  is  absorbed  by  the 
solution  of  dry  protochloride  of  iron  in  absolute  alcohol,  which  thereupon 
becomes  nearly  black.  A  solution  of  1  pt.  chloride  of  iron  in  5  pts. 
alcohol  saturated  with  nitric  oxide,  evolves  a  portion  of  that  ffas  when 
heated,  boils  at  100"^,  giving  off  the  remainder  of  the  nitric  oxide  in  its 
original  state,  the  volume  of  the  gas  evolved  being  23  times  that  of  the 
alcohol;  after  several  hours'  boiling,  the  liquid  regains  the  colour  which 
it  had  before  saturation  with  the  gas.  (Graham,  Fhil.  Mag.  Ann.  4,  265 
&  331;  also  Schw.  55,  200.) 

B.  Sesquichloridb  op  Iron,  or  Ferric  Gbloride. — Fercldoride  of 
Iron;  Iron  Suhlimate. — 1.  A  piece  of  iron  wire  or  a  watch-spring  intro- 
duced red-hot,  or  with  a  piece  of  burning  tinder  at  the  end,  into  chlorine 
gas,  bums  with  a  red  glow  and  forms  this  compound,  which  then  sublimes. 
The  same  result  may  be  obtained  by  passing  chlorine  gas  over  gently 
heated  iron. — 2.  Protochloride  of  iron  heated  in  chlorine  gas,  is  converted 
into  the  sesquichloride. — 3.  When  protochloride  of  iron  is  heated  in  a 
vessel  containing  air,  sesquichloride  sublimes,  and  sesquioxide  remains 
behind. — 4.  When  an  aqueous  solution  of  the  sesquichloride  is  evaporated, 
the  dry  compound  remams  behind,  mix^  with  more  or  less  ferric  oxy- 
chloride ;  the  dry  residue  gently  ignited  in  a  loosely  closed  flask,  yields 
the  sesquichloride  sublimed  in  laminae. — 5.  A  mixture  of  1  pt.  caJcined 
ferroQS  sulphate,  and  1  pt.  chloride  of  calciumi  is  ignited  in  a  flask  till  the 
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ferrio  chloride  aiibliinea.  (Baur^  Rep^^  95>  4d2,)«--*Iron-Uack^  mdeaoent 
tables^  having  a  metallio  lustre,  and  yolatiliziag  and  aubliming  8omewfa»i 
above  100^ 

J,  Davy. 

2Fe    , 54-0      ...,      3371        351 

3Cl    106-2      ....      66-29        64-9 

Fe»,Cl»  160-2      ....     10000        ZZ      lOO'O 

When  heated  in  contact  with  oxygen  £a«,  it  yields  ferric  oxide  and 
chlorine ;  heated  with  a<][oeoas  vapour,  it  mrm»  ferric  oxide  and  hydro- 
chloric acid  gas.  With  oil  of  vitriol  and  with  sulphur,  it  behaves  like 
the  protochloride.  (A.  Vogel.) 

HydrtUed  SesquiMoride  of  Iron,  or  Hydroekkraie  of  Ferric  Oxide. — 
Sesqnichloride  of  iron  dissolves  in  water  with  considerable  evolution  of 
heat,  and  likewises  deliquesces  in  the  air.     The  liquid  formed  by  deli- 
quescence is  called  Oleum  Martit^    The  same  solution  may  be  obtained  by 
the  following  methods  :  1.  By  dissolving  ferric  oxide  or  its  hydrate  ia 
boiling  hydrochloric  acid.    Pure  blood-stone  finely  pounded  may  likewise 
be  used  for  this  purpose.  (Mohr.)     2.  By  dissolving  iron  to  saturation  in 
a  definite  quantity  of  hydrochloric  acid;  filtering  the  solution,  and  mixing 
it  with  half  as  much  hydrochloric  acid  as  it  already  contains;  then  heating 
the  liquid  to  ebullition  in  a  capacious  vessel,  and  adding  nitric  acid  in 
small  portions  till  the  dark  brown  colour  first  produced  by  the  absorption 
of  nitrous  gas  has  given  place  to  a  yellowish-brown,  and  the  further  addi- 
tion of  nitric  acid  produces  no  evolution  of  nitrous  gas.     The  mixture  is 
very  apt  to  froth  over,  especially  towards  the  end  of  the  operation,  when 
all  the  nitric  oxide  which  has  been  absorbed  is  evolved.    The  same  result 
may  also  be  obtained  by  dissolving  iron  in  aqua-regia;  but  it  is  not  easy  to 
hit  the  right  proportion  of  the  acids. — 8.  By  passing  washed  chlorine  gas 
through  aqueous  hydrochloric  acid  saturated  with  iron,  as  long  as  the  gas 
is  absorbed.    The  dark  brown  liquid,  which  has  a  rough  taste  and  colours 
the  skin  yellow^  yields,  on  evaporation  and  cooling,  crystals  containing 
two  different  proportions  of  water. 

a,  Penta-hydrated, — 1.  Obtained  by  evaporating  the  liquid  to  a  syrup 
•—mixing  it  with  a  small  quantity  of  strong  hydrochloric  acid  to  re-dissolve 
the  precipitated  ferric  oxychloride — and  leaving  it  to  itself  in  the  cold. 
(Stein,  Bepert,  13,  264.) — 2.  By  fusing  the  crystals  b — evaporating  till 
the  liquid  becomes  uerfectly  solid  on  cooling — replacing  the  lost  hydro- 
chloric acid — and  leaving  the  solution  to  cooL  (Fritzsche.) — 3.  The 
crystals  6,  placed  beside  oil  of  vitriol  under  a  receiver  containing  air, 
-soon  deliquesce  and  form  a  thick  liquid,  in  which  large  crystals  then  form, 
till  the  whole  is  converted  into  a  mass  of  crystals.  (Fritzsche,  J,  pr.  C/iem. 
18,  479.)  Aurora-red  tables  (Stein);  large,  deep,  reddish-yellow  crystals, 
which  fuse  readily,  and  solidily  a|:ain  at  42^";  tbev  absorb  water  from  the 
air  very  rapidly,  and  with  evolution  of  heat.  (Fntzsche.) 
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When  the  crystals  a  and  h  are  shaken  together,  a  slight  fall  of  tempera- 
ture takes  plaoe^  and  a  liquid  is  obtained — the  same  as  that  produced  by 
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imperfect  evaporatioQ  of  the  crystals  5— -which  producea  great  heat  when 
mixed  with  water.  (Fritz8che.)  1  At.  ferric  chloride  dissolved  in  9  At* 
water  yields  a  liquid,  which  is  identical  with  the  Oleum  MartU  of  the 
older  chemists  (as  obtained  by  deliquescence  of  the  solid  chloride  in  the 
air),  has  a  density  of  1'545,  and  refuses  to  crystallise.  (Kinast.)  Hence 
there  are  two  solntions  of  ferric  chloride  in  water  to  be  distinguished;  one 
containing  more  than  5  and  less  than  1 2  atoms  of  water^  the  other  con- 
taining more  than  12  atoms. 

5.  Dodeca-hydraUd, — Ferric  chloride  deliquesces  rapidly  in  the  air, 
then  crystallizes  in  the  form  of  this  salt,  and  afterwards  deliquesces  much 
less  quickly.  (Kinast,  Kastn,  Arch,  20,  281.)  This  salt  likewise  separates 
slowly  from  an  aqueous  solution  of  the  chloride  not  too  much  concentrated 
— ^fine  radii  stretching  out  in  all  directions  from  particular  points,  and 
forming  pale  orange-yellow,  opaque,  hemispheric  nodules,  into  which  the 
whole  liquid  is  ultimately  converted.  If  the  evaporation  has  been  carried 
too  far,  toe  syrup  will  not  crystallize  unless  it  be  exposed  for  some  time 
to  the  damp  air  of  a  cellar,  from  which  it  can  absorb  water,  (Mohr,  Ann. 
Pharm,  29,  173.)  A  crystalline  mass  of  this  nature,  having  been  kept 
for  half  a  year  in  a  stoppered  bottle,  was  found  to  be  converted  into 
brown-red  transparent  rhombic  tables  [of  salt  a  ?],  surrounded  by  a  small 
quantity  of  liquid,   (Winckler,  Eepert.  67,  150.) 
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Aque&u$  Sesquichloride  oflrofiy  or  Aqueous  Terhydrochlorate  of  Ferric 
Oxide,  The  salt  h  deliquesces  slowly  in  the  air.  The  aqueous  solution, 
when  evaporated,  gives  off  more  or  less  hydrochloric  acid,  depositing 
ferric  oxychloride;  and  if  evaporated  to  perfect  dryness — whereupon  a 
further  quantity  of  acid,  together  with  some  ferric  chloride,  is  given  off- 
it  leaves  a  mixture  of  ferric  chloride  with  ferric  oxychloride.  When 
silver  is  immersed  in  the  solution,  protochloride  of  iron  is  formed,  and 
the  silver  is  converted  into  chloride,  which  is  black  at  first,  but  after- 
wards tarns  white.  (Wetzlar.) 

Ferric  chloride  is  likewise  soluble  in  alcohol  and  in  ether  j  but  if 
exposed  to  light  or  heat,  it  is  converted,  especially  by  the  ether,  into 
protochloride.  The  solution  of  ferric  chloride  in  a  small  quantity  of 
alcohol  of  96  per  cent.,  remains  liquid  at  7*5°;  but,  if  stirred  with  a  glass 
rod,  immediately  solidifies  to  a  solid  yellow  crystalline  mass,  whereupon 
the  temperature  rises  to+ 19^  (Winckler.) 

C.  Fbrric  OxTCHLORiDB,  or  Basio  Hydrochlorate  op  Ferric 
OxiDB.«--a.  Soluble  Compound. — When  recently  precipitated  hydrate  of 
ferric  oxide  is  added  to  an  aqueous  solution  of  ferric  chloride,  as  long 
as  it  dissolves,  a  dark  red  liquid  is  obtained,  having  a  specific  gravity  of 
1  '017.  This  liquid  does  not  become  turbid  on  boiling,  dilution,  or  evapo- 
ration to  dryness;  but  if  mixed  with  a  few  drops  of  nitric  acid,  it  deposits 
the  greater  part  of  the  oxide  in  the  form  of  a  basic  compound,  and  gives 
a  dark  bluish-green  precipitate  with  ferrocyanide  of  potassium.  A  sample 
of  this  liquid  yielded  by  precipitation  with  potash,  155  parts  of  ferric 
oxide,  and  afterwards  by  precipitation  with  nitrate  of  silver  (after  addition 
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of  nitric  acid)  60  parts  of  chloride  of  silver.  [HeQce  this  oompoand 
appears  to  consist  of  14Fe'0'+Fe'Cl'.]  If  more  bydrated  oxide  be  added 
to  tbe  liquid  tban  it  is  able  to  take  up,  the  soluble  compound  unites  with 
it,  and  forms  the  insoluble  variety.  (Phillips,  Phil,  Mag,  Ann.  8,  406; 
also  Br.  Arch.  39,  39.) 

5.  Insoluble  Compound.  —  Precipitated  in  rust-brown  flakes  when 
hydrochlorate  of  ferric  oxide  is  mixed  with  an  insufficient  Quantity  of  an 
alkali,  or  when  it  is  evaporated,  or  when  the  mono-hyarochlorate  of 
ferrous  oxide  is  exposed  to  air  in  the  bydrated  state.  W  hen  heated  it 
first  gives  off  water,  then  ferric  chloride,  and  leaves  ferric  oxide. 

HypochlorUe  of  Ferric  Oxide  does  not  appear  to  exist.  Hydrated 
ferric  oxide  dried  in  the  air,  and  then  introduced  into  dry  chlorine  gas, 
quickly  fuses  into  a  dark  red  liquid,  which  decolorizes  indigo  and  gives 
off  all  its  chlorine  at  a  boiling  heat,  leaving  ferric  oxide.  (Gronvelle.) 
The  absorption  goes  on  slowly;  the  solution  exerts  a  decolorizing  action, 
evolves  chlorine  and  hypochlorous  acid  when  heated,  and  deposits  the 
ferric  oxide.  It  appears  to  consist  of  sesquichloride  of  iron  and  free 
hypochlorous  acid,  which,  on  the  application  of  heat,  are  resolved  into 
free  chlorine  and  ferric  oxide.  Aqueous  hypochlorous  acid  does  not  dis- 
solve ferric  oxide;  and  when  hypochlorite  of  lime  is  mixed  with  ferric 
sulphate,  the  ferric  oxide  is  precipitated  together  with  the  sulphate  of 
lime,  and  free  hypochlorous  acid  remains  in  the  liquid*  (Balard.) 

D.  Perchloratb  of  Ferrous  Oxide,  or  Ferrous  Perchloratb.-^ 
When  green  vitriol  is  precipitated  by  perchlorate  of  baryta,  and  the 
liquid  filtered  and  evaporatea,  long  colourless  needles  are  obtained,  which 
remain  permanent  for  a  long  time  in  the  air,  and  then  oxidize  in  the 
manner  of  green  vitriol.  They  scarcely  detonate  on  glowing  coals.  When 
the  solution  is  evaporated  in  the  air,  a  small  quantity  of  ferric  salt  is 
formed.  (Serullas^  Ann,  Chim.  Phy$.  46^  305.) 


Iron  and  Fluorine. 

A.  Protofluoridb  of  Iron,  FeF,  and  Monohtdrofluatb  op 
Ferrous  Oxide. — Iron  dissolves  in  warm  aqueous  hydrofluoric  acid,  with 
evolution  of  hydrogen.  The  liquid,  when  evaporated,  yields  white  rect- 
angular tables,  which  turn  pale  yellow  in  the  air.  These  crystals,  when 
gently  heated,  give  off  water,  and  are  converted  into  the  dry  protofluoride 
of  iron,  which  undergoes  no  alteration  when  ignited  in  the  air;  but  if  the 
cijstals  are  suddenly  heated,  a  small  quantity  of  hydrofluoric  acid  goes 
off  together  with  the  water,  and  the  residue  has  a  red  tinge  from  admix- 
ture of  ferric  oxide.  The  crystals  dissolve  with  difficulty  in  pure  water 
—-more  easily  in  water  containing  hydrofluoric  acid.  Alkalis  precipitate 
hydrated  ferrous  oxide  from  the  solution.  Protofluoride  of  iron  combines 
with  the  fluorides  of  the  alkali-metals,  forming  colourless,  difficultly  fusible 
compounds.  (Berzelius.) 

B.  Sesquifluoride  of  Iron,  Fe'F',  and  Ter-hydrofluatb  of 
Ferric  Oxide. — Formed  by  saturating  aqueous  hydrofluoric  acid  with 
hydrated  ferric  oxide.  The  colourless  solution,  when  evaporated,  deposits 
pale  flesh-coloured  crystals,  having  a  sweet  and  rough  taste.  These 
crystals  re-dissolve  perfectly,  but  slowly,  in  water,  forming  a  colourless 
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liquid.  Sesqui fluoride  of  iroD  combines  with  other  metallic  fluorides, 
forming  compounds  which,  for  the  most  part,  are  nearly  or  quite  insoluble, 
but  nevertheless  are  not  deposited  from  a  mixture  of  the  aqueous  solutions 
of  the  two  fluorides  till  heat  is  applied.  (Berzelius.) 

C.  Ferric  Oxtfluoride,  or  Basic  Hydrofluate  of  Ferric  Oxide. 
Precipitated  on  mixing  the  aqueous  solution  of  B  with  excess  of  ammonia. 
Rusty-jellow  powder.  (Berzelius.) 


Iron  and  Nitrogen. 

A.  Nitride  of  Iron.-— Dry  ammoniacal  gas  passed  over  iron  wire 
heated  to  redness  in  a  tube,  is  resolved  into  hydrogen  and  nitrogen  gases, 
and  the  iron  becomes  very  brittle,  though  it  does  not  perceptibly  increase 
in  weight.  (A.  BerthoUet,  Gilb.  30,  378.)  The  increase  in  weight,  after 
the  gas  has  been  passed  over  the  iron  for  24  hours,  does  not  exceed  0*2 
pts.  for  100  parts  of  the  iron.  (Thenard,  Ann.  Chim,  85,  61;  also  GHh. 
40,  267.)  After  9  hours'  passage  of  the  gas,  it  amounts  to  only  0'15  to 
every  100  parts  of  iron;  after  2  hours'  passage  of  the  gas,  the  iron 
appears  brittle,  exhibits  the  fine-grained  fracture  of  steel,  may  be  hardened 
in  the  same  manner  as  steel,  and  will  then  give  sparks  with  flint;  but 
after  9  hours'  passage  of  the  gas,  it  is  even  softer  than  common  iron,  no 
longer  admits  of  hardening,  and  its  specific  gravity  is  diminished  from 
7-788  to  7-6637.  (Savart,  Ann.  Chim.Phy8.  37,  326;  also  Pogg,  13, 172.) 
■—When  ammoniacal  gas,  freed  from  water  and  carbonic  acid  by  passing 
over  chloride  of  calcium  and  hydrate  of  potash,  is  passed  for  6  or  8  hours 
over  red-hot  iron,  100  parts  of  the  iron  increase  in  weight  by  7  to  11*5 
pts.  [11*5  :  100:=  14  :  121*7;  hence  each  atom  of  nitrogen  is  united  with 
more  than  4  At.  (108  pts.)  and  less  than  5  At.  (135  pts.)  of  iron].  The 
nitride  of  iron  thus  obtained  is  white,  brittle,  and  even  friable;  its  spe- 
cific gravity  often  does  not  exceed  5*0;  with  the  magnet  and  with  acids 
it  acts  like  other  iron,  but  is  more  readily  altered  by  air  and  water. — 
Hydrogen  gas,  passed  oyer  red-hot  nitride  of  iron,  withdraws  the  nitrogen 
from  it  and  forms  ammonia;  a  case  of  reciprocal  affinity.  The  hydrogen 
gas  evolved  when  nitride  of  iron  is  dissolved  in  dilute  sulphuric  acid 
contains  abont  6  per  cent,  of  nitrogen;  the  quantity  of  gas  evolved  is 
also  less  than  when  pure  iron  is  used,  because  sulphate  of  ammonia  is 
formed  at  the  same  time.  Sometimes  the  iron,  after  ignition  in  ammo- 
niacal gas,  is  found  to  be  altered  in  its  ph3r6ical  properties,  as  above 
described,  and  yet  has  not  increased  in  weight;  in  such  a  case,  the 
combination  of  the  nitrogen  with  the  iron  is  but  transient,  but  has  the 
efiect  of  altering  the  mutual  arrangement  of  the  atoms.  (Despretz,  Ann, 
Chim.  Fhys.  42,  122;  also  Pogg.  17,  296.) 

B.  Nitrate  of  Ferrous  Oxide,  or  Ferrous  Nitrate.— Protom^rate 
of  Iron. — 1.  Formed  by  precipitating  nitrate  of  baryta  with  an  equiyalent 
quantity  of  ferrous  sulphate  and  evaporating  the  filtrate  in  vacuo  over 
oil  of  vitriol. — 2.  By  dissolving  iron  in  yery  dilute  nitric  acid,  and  expos- 
ing the  solution  to  the  air  to  free  it  from  nitric  oxide,  which  gives  it  a 
greenish-brown  colour.  (H.  Davy.) — The  iron  should  be  immersed  in 
water,  and  nitric  acid  free  from  nitrous  acid  and  chlorine,  added  in  small 
portions  and  with  constant  agitation,  so  that  the  temperature  may  not 
rise  above  50°;  as  often  as  the  liquid  cools  down,  fresh  acid  most  be 
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added.  Under  these  oircnnutanced^  no  gas  is  eyolved,  but  nitrate  of 
ammonia  is  formed  at  the  same  time.  (Berzelias.) 

8Fc  +  lOXO*  +  3HO  =  8(FeO,NO*)  +  NH»,NO*. 

1  part  of  nitric  acid  with  3  parts  water  evolves  no  gas  in  acting  upon 
iron;  with  2  parts  water,  nitrous  oxide  is  at  first  evolved,  mixed  with 
nitric  oxide;  afterwards  only  the  latter.  (Pleischl,  Schw.  38,  464.)  — . 
The  pale  green  solution  thus  obtained  does  not  deposit  ferric  oxide  or 
give  off  nitric  oxide  gas,  till  it  is  heated  to  the  boiling  point.  (Berzelius, 
Pogg.  27,  121.) — 3.  Protosulphide  of  iron  dissolves  in  dilute  nitric  acid 
surrounded  with  a  frigorific  mixture,  hydrosulphuric  acid  being  evolved 
and  a  greenish  liquid  formed,  which,  on  the  slightest  rise  of  temperature, 
is  converted  into  a  ferric  salt.  (Berzelius.) — 4.  The  solution  of  scale-oxide 
of  iron  in  stronij  nitric  acid  yields,  after  a  while,  nearly  colourless,  right- 
angled  four-sided  prisms  with  dihedral  summits.  These  crystals  deliquesce 
in  the  air,  and  have  a  sharp  taste.  Schonbein  regards  them  as  con- 
sisting of  ferric  nitrate,  to  be  immediately  described.  The  solution  of 
the  scale-oxide,  when  heated  or  exposed  to  the  air,  is  converted  into  ferric 
nitrate,  with  deposition  of  yellow  flakes.  (Vaiiquelin.) 

C.  Nitrate  op  Ferric  Oxibe,  or  Ferric  Nitrate. — Pemiirate  of 
Ir<m» — Nitric  acid,  when  not  too  dilute,  attacks  iron  very  energetically, 
great  heat  being  produced,  nitric  and  nitrous  oxide  evolved,  and  nitrate 
of  ammonia  formed  at  the  same  time;  if  the  acid  is  in  excess,  a  brown 
solution  is  formed;  if  it  is  deficient,  a  yellowish-brown  ba«ic  salt  is  the 
result. 

a.  Acid  Salt, — a.  Formed  by  dissolving  iron,  ferrie  oxide,  or  its 
hydrate  in  heated  nitric  acid.  The  anhydrous  oxide  dissolves  very 
slowly  in  nitric  acid,  much  less  readily  than  in  hydrochloric  acid. — The 
yellowish-brown  solution  becomes  syrupy  on  evaporation,  and  subse* 
quently  leaves  a  brown  residue  whieh  gives  off  its  acid  when  gently 
heated,  so  that  first  a  basic  salt  and  afterwards  pure  ferric  oxide  is  left. 

j8.  When  1  volume  of  the  concentrated  solution  «  is  mixed  with 
5  volumes  of  water,  and  the  yellow  mixture  gradually  heated  till  it  boils, 
it  assumes  a  deep  blood-red  colour — retains  this  colour  without  becoming 
turbid,  on  cooling, — and  then,  on  the  addition  of  a  small  quantity  of  nitrio 
acid,  deposits  the  basic  salt  6,  fi,  from  which  the  colourless  liquid  must  bo 
quickly  filtered,  before  the  precipitate  re-<iissolves.  The  colourless 
liquid,  evaporated  to  a  syrup  and  then  left  to  itself  in  close  vessels, 
crystallizes  in  colourless  or  pale  yellow  cubes.  The  brown  solution  a,a 
may  also  be  mixed  with  an  additional  quantity  of  nitric  acid :  it  thereby 
becomes  nearly  colourless,  and  on  the  subsequent  addition  of  water,  loses 
all  its  colour,  and  then,  after  filtering  and  evaporation,  yields  the  same 
cubes.  The  yellowish  colour  of  the  cubes  disappears  almost  wholly 
whcu  they  are  dried  between  bibulous  paper,  the  mother-liouid  bein^ 
thereby  absorbed.  [Frey  {Kastn,  Arch.  14,  176),  by  a  methoa  which  he 
does  not  describe,  obtained  rhombohedrons  with  truncated  edges;  angles 
of  the  rhombohedron  =  78°  and  102°.] — The  crystals  fuse  at  a  tempera- 
ture below  50°;  they  deliquesce  rapidly  in  the  air,  forming  a  liquid  of  a 
honey-yellow  colour,  and  dissolve  in  all  proportions  in  water.  A  some- 
what concentrated  solution  turns  yellow  on  each  application  of  heat,  the 
colour  being  stronger  the  higher  the  temperature;  a  very  dilute  solution 
becomes  permanently  yellow  by  boiling,  and  if  nitric  acid  be  added  to  it, 
after  cooling,  it  again  deposits  a  certain  quantity  of  the  basic  salt  b,fi. 
(Schonbein,  Fopg.  39,  141.) 
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h.  Basic  SaU^^^a,  Precipitated  when  a  perfectly  satarated  solution  of 
ferric  oxide  in  nitric  acid  is  diluted  or  boiled;  or  when  a,a  is  mixed  with 
a  quantity  of  alkali  not  sufficient  to  precipate  it  completely.  It  is  also 
formed  by  digesting  hydrated  ferric  oxide  with  the  acid  solution  of  a^a, 
or  with  a  quantity  of 'nitric  acid  not  sufficient  to  dissolve  it;  by  boiling  a 
very  dilute  solution  of  a,»  containing  the  smallest  possible  excess  of  acid; 
and  by  eraporating  the  solution  of  a,a  to  dryness,  and  carefully  heating 
the  residue. — Brown,  gelatinous  when  moist,  and  partly  soluble  in  per- 
fectly  pure  water,  forming  a  red  solution.  (Berzelius.)  The  product 
obtamed  by  heating  a,a  contains,  according  to  Grouvelle,  81 '26  (4  At.) 
ferric  oxide,  14'06  (1  At.)  acid,  and  4*68  (2  At.)  water. 

jS.  For  the  preparation,  see  a,p.  Ochre-yellow  powder,  easily  soluble 
in  pure  water,  in  which  it  forms  a  deep  blood-red  solution.  The  solu- 
tion, when  concentrated  by  evaporation,  solidifies  in  the  cold  to  a  black- 
brown  jelly.  Nitric  acid  added  to  the  aqueous  solution  precipitates 
a  portion  of  the  salt.  The  dry  salt  dissolves  slowly  in  cold,  and  quickly 
in  warm  nitric  acid,  forming  a  colourless  liquid  which  exhibits  the  same 
characters  as  the  solution  of  a,d.  (Schbnbein.) 

When  a  ferrous  salt  is  supersaturated  with  ammonia  and  the  liquid 
filtered,  a  colourless  solution  is  obtained  which  quickly  turns  green  in 
the  air,  and  afterwards  exhibits  a  brown  turbidity,  arising  from  the  for- 
mation, first  of  hydrated  ferrous  oxide,  and  afterwards  of  hydrated  ferric 
oxide.  Hence  an  opinion  has  been  entertained  that  hydrated  ferrous 
oxide  is  soluble  in  ammonia.  But  the  same  liquid  is  formed  when  the 
ammonia  is  not  added  in  excess. — In  fact,  the  filtrate  contains  a  double 
salt,  in  which  part  of  the  acid  of  the  iron-salt  is  combined  with  ferrous 
oxide,  the  rest  with  ammonia ;  and  the  ammonia  added  in  excess  cannot 
precipitate  the  ferrous  oxide  which  remains  in  solution,  until  the  latter  is 
converted  into  ferric  oxide  by  exposure  to  the  air. — Grotthuss  {Schw. 
30,  70)  likewise  found  that  iron  is  not  soluble  in  aqueous  ammonia,  and 
that  it  neither  precipitates  copper  from  a  solution  of  cupric  oxide  in 
ammonia,  nor  dissolves  in  that  solution. 

IT.  C'.  AzoPHosPHATE  OP  Ferric  Oxidb,  or  Ferrio  Azophosphatb. 
— ^When  chlorophoaphide  of  nitrogen  (II.  474)  is  dissolved  in  alcohol, 
and  pot-ash  or  ammonia  added,  decomposition  instantly  ensues;  and  if  the 
liquid  be  then  evaporated  to  dryness,  the  residue  re-dissolved  in  water, 
and  the  solution  neutralized  and  boiled  with  a  furric  salt,  a  white  floccu- 
lent  precipitate  speedily  forms,  having  the  appearance  of  ordinary  ferric 
phosphate,  but  distinguished  from  that  salt  by  being  insoluble  in  dilute 
acids,  and  easily  soluble  in  ammonia. — This  salt  is  the  azophosphate  of 
ferric  oxide. — It  is  immediately  decomposed  by  solution  of  potash, 
azophosphate  of  potash  being  formed,  and  ferric  oxide  remaining  undis- 
solved. Alkaline  carbonates  decompose  it  on  the  application  of  heat. 
When  fused  with  potash,  it  evolves  ammonia,  and  the  fused  mass  re-dis- 
solved in  acid  and  treated  with  ammonia,  yields  ordinary  ferric  phos- 
phate. Strong  sulphuric  acid  dissolves  it  and  decomposes  it  when 
warmed. — The  salt  when  dried  at  ordinary  temperatures,  or  at  100°,  has 
a  light  buff  colour;  but  when  heated  to  about  330"^,  it  suddenly  gives  off 
vapour  of  water  and  ammonia,  and  assumes  a  dark  brown  colour,  while  a 
small  quantity  of  a  white  crystalline  body  sublimes.  The  sublimate  is 
soluble  in  water  :  the  solution  treated  with  nitrate  of  silver  yields  a 
white  precipitate  which  immediately  changes  to  a  clear  orange-red;  and 
shortly  afterwards  there  is  formed  a  quantity  of  a  black  substance  inso- 
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lable  in  ammonia^  apparently  reduced  8il7er.— The  composition  of  ferric 
azophosphate  is  as  follows  : — 


Dried  at  or  above  100°. 


Gladstone. 


Fe'^O' 

..      80 

2P 

..      64 

N  

..      14 

4H    

4 

90    

..      72 

3419 

27-35 

5-98 

1-71 

30-77 


34-48 

25  05 

5-67 


33-90 
2507 


34-47 

5-24 
1-94 


33-62 
27-93 

1-81 


234     ....  10000 


Fe»05 

FNO« 

4H0 


Or: 


80 

118 

36 


34-19 
50-44 
15-37 


Fc»0»,P»N0*  +  4Aq.         234 


10000 


Dried  at  76*. 


Gladstone. 


Op: 


Fe'Oa. 

2? 

N  

5H    . 
lOO  . 


80 

64 

14 

5 

80 


32-92 

26-34 

5-76 

2-06 

32-92 


32-33 
23*92 


32-87 

5  00 
2-36 


Fe^O' 80     ....     32-92 

F^NO*    118     ....     48-56 

5HO    45     ....     18-52 


243  ....100-00 


Fe203,P'NO*  +  5Aq.     243     ....  10000 


It  is  not  easy  to  determine  in  what  state  the  5  atoms  of  water  exist  in 
the  salt,  inasmuch  as  no  appearance  of  crystallization  can  be  perceived, 
even  with  the  aid  of  powerful  microscopes;  but  it  is  evident  that  one  of 
the  atoms  must  be  differently  combined  to  the  rest^  since  it  is  driven 
off  at  100°,  while  the  others  remain.  (Gladstone^  Chem.  Soc,  Qu,  J. 
3,  142.)  IT 

D.  Ferrite  of  Ammoniu  ? — ^Ferric  oxide  or  its  hydrate,  whether 
natural  or  artificial,  is  always  found,  after  exposure  to  the  air  for  some 
time,  to  contain  ammonia. 

E.  Carbonate  of  Ferric  Oxide  and  Ammonia. — Ferrico-ammonic 
Carbonate, — When  a  ferric  salt  is  supersaturated  with  concentrated 
carbonate  of  ammonia,  the  precipitated  ferric  hydrate  gradually  re-dissolves 
in  the  liquid.  The  deep  brown-red  liquid,  if  diluted  with  water,  again 
deposits  the  hydrated  oxide  after  a  while. — Hydrated  ferric  oxide  pre- 
cipitated by  ammonia  from  a  solution  of  the  sesqnichloride,  and  well 
boiled  with  potash,  is  insoluble  in  carbonate  of  ammonia,  according  to 
Grotthuss;  hence  the  presence  of  the  ammoniacal  salt  produced  in  the 
precipitation,  contributes  to  the  re-solution  of  the  hydrate. 

F.  Phosphate  op  Ferrous  Oxide  and  Ammonia. — Ferroso^mmonic 
Phosphate. — Formed  by  mixing  a  solution  of  14  parts  of  iron  in  hot 
hydrochloric  acid  with  a  small  portion  of  sulphite  of  ammonia;  adding 
to  it  while  hot  a  thoroughly  boiled  aqueous  solution  of  100  pts.  crystal- 
lized ordinary  diphosphate  of  soda,  which  immediately  precipitates  white 
phosphate  of  ferrous  oxide;  then  adding  ammonia  in  slight  excess — 
immediately  closing  the  flask,  which  must  be  completely  filled  with  the 
liquid — agitating — and  leaving  the  mixture  to  itself  for  a  few  minutes  till 
the  precipitate,  which  is  flocculent  at  first,  is  converted  into  laminae, 
which  sink  rapidly  to  the  bottom.     If  it  remains  flocculent,  the  liquid 
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mnst  be  heated  again,  perhaps  with  the  addition  of  a  small  qnantity  of 
ammonia;  if  part  only  of  the  precipitate  becomes  crystalline,  the  lighter 
flakes  must  be  separated  by  levigation  from  the  crystalline  laminsB. 
The  laminsB,  on  which  the  air  no  longer  exerts  any  oxidizing  action,  are 
then  thrown  upon  a  filter,  washed  with  thoroughly  boiled  water,  and 
dried.  No  ammonia  must  be  added  to  the  water,  because  it  imme- 
diately induces  oxidation,  so  that  hydi'ated  ferric  oxide  remains  on  the 
filter,  a^  the  water  runs  off  brown;  hence  also,  in  preparing  the  salt, 
care  must  be  taken  not  to  add  too  much  ammonia. — Greenish-white,  soft 
lamina),  which,  when  rubbed  on  the  hand,  produce  a  coating  like  silver; 
they  are  permanent  in  the  air;  the  salt  when  heated  in  the  air  gives  off 
water  and  ammonia,  and  leaves,  first,  greenish  ferrous  phosphate,  amount- 
ing to  77  per  cent. — then  yellowish-white  ferric  phosphate.  With  potash- 
solution  it  evolves  ammonia,  and  when  boiled  therewith,  gives  up  its 
phosphoric  acid,  and  is  converted  into  ferroso-ferric  oxide  having  the 
form  of  the  original  laminie.  Insoluble  in  water,  even  at  the  boiling 
heat.  While  yet  moist  it  dissolves  readily  in  acids,  even  when  dilute; 
but  after  drying,  it  dissolves  but  sparingly  and  with  difficulty,  even  in 
concentratea  acids.  (Otto,  J.  pr,  Chem.  2,  409.) 

Otto. 

NH» 17-0      ....        9-17        8-77 

2FcO  700      ....      37-76)  --.^^ 

cPO*    71-4      ....      38-51i       "  "" 

3HO    270      ....       14-56 

NH^O,  2FeO,  cPO*  +  2Aq 185-4       ....     lOO'OO 

This  composition  is  analogous  to  that  of  phosphate  of  magnesia  an<l 
ammonia  dried  at  100°.  (Graham.) 

The  greenish  precipitate  which  ammonia  forms  with  acid  phosphate 
of  ferrous  oxide,  re-dissolves  in  excess  of  ammonia.  (A.  Vogel.) 

G.  Phosphate  op  Ferric  Oxide  and  Ammonia. — Ferrieo-ammonic 
Phosphate. — White  phosphate  of  ferric  oxide  dissolves,  with  a  brown 
colour,  in  aaueous  ammonia,  which  may  afterwards  be  expelled  by  evapo- 
ration. (Dooereiner,  Schw,  26,  271 .) 

IT  G'.  Ammoniacal  Azophosphate  of  Ferric  Oxide.  —  Ferric 
azophosphate  (p.  259)  dissolves  in  ammonia,  forming  a  red  solution  from 
which  the  iron-salt  may  be  again  precipitated  by  the  addition  of  an  acid. 
The  ammoniacal  solution  carefully  evaporated  over  the  water-bath,  yields 
a  dark  red  mass  very  soluble  in  water,  but  showing  no  disposition  to 
crystallize.  When  treated  with  water,  after  being  perfectly  dried,  it 
separates  into  two  portions,  the  one  soluble  containing  ammonia,  and 
giving  a  characteristic  precipitate  when  treated  with  an  acid — the  other 
having  the  form  of  micaceous  plates  of  the  colour  of  fcrricyanide  of 
potassium  :  these  appear  to  be  chiefly  sesquioxide  of  iron.  (Gladstone, 
Chem.  Soc.  Qu.  J.  B,  146.)  IT. 

H.  Sulphate  op  Ferrous  Oxide  and  Ammonia. — Ferroso^mmonie 
Sulphate. — To  form  this  salt,  a  solution  of  66  pts.  (1  At.)  of  sulphate  of 
ammonia  and  138  pts.  (1  At.)  of  green  vitriol  is  left  to  crystallize.  On 
mixing  equal  measures  of  the  saturated  solutions  of  green  vitriol  and 
sal-ammoniac,  the  same  salt  likewise  crystallizes  out  gradually,  while 
protochloride  of  iron  and  ammonium  remains  in  solution.  (A.  Vogel.) 
—The  CTy8tal8=NH*0,S0»+Fe0,S0«+6  Aq.  are  isomorphous  with 
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those  of  sulphate  of  magnesia  and  ammonia  (III.  248)  and  many  others. 
Fig.  84.  (Mitscherlich;  camp,  Marx,  ScJiw,  54,  465.)  The  crystals  when 
purified  by  re-crystallization,  are  transparent,  and  colourless,  very  hard, 
and  effloresce  somewhat  above  100^.  When  heated,  they  swell  up  to  a 
white  mass,  without  fusing,  and  give  off  water,  ammonia,  and  sulphate  of 
ammonia.  Oil  of  vitriol  abstracts  their  water,  and  makes  them  opaque. 
They  are  much  less  soluble  in  water  than  green  vitriol.  (A.  Vogel, 
J,  pr.  Chem.  2,  192.) 

I.  Sulphate  op  Ferric  Oxide  and  Ammonia. — Ferrico-amrtumic 
Sulphate. — a.  Basic. — When  a  solution  of  iron  in  a  dilute  mixture  of 
sulphuric  and  nitric  acids  is  exposed  to  the  air,  this  double  salt  is  pre- 
cipitated in  the  form  of  an  ochre,  which,  when  heated,  gives  off  water  and 
ammonia,  and  afterwards  sulphurous  acid — ^is  not  decomposed  by  caustic 
potash — and  is  but  very  sparingly  soluble  in  hydrochloric  acid.  (Bcr- 
zelius.) 

h.  Containing  BisulphaU  of  Ferric  Oxide.  —  Formed  by  adding 
ammonia  to  a  solution  of  ammonia-iron-alum  till  the  precipitate  begins 
to  be  permanent,  and  leaving  the  dark  brown  mixture  to  evaporate 
spontaneously. — Transparent,  yellowish-brown,  short,  regular,  six-sided 
prisms,  soluble  in  2*4  pts.  of  cold  water.  (Maus,  Fogg.  11,  79.) 

Maus. 

2NH» 34       ....       10-43         1030 

Fe203    78       ....       23-92         23-75 

4SO» 160       ....       49-08         4920 

OHO 54       ....       16-57         16-75 

2(NH^O,  SO»)  +  Fe*0»,  2SO»  +  4Aq 326       ....     10000         ZZ       100*00 

c.  Containing  Termdphate  of  Ferric  Oxide. — Crystallizes  from  a 
mixture  of  sulphate  of  ammonia  and  tersulphate  of  ferric  oxide  in 
colourless,  regular  octohedrons  and  cubo-octohedrons  {Figs.  2  and  4),  ihQ 
specific  gravity  of  which,  according  to  Kopp,  is  1*712.  They  are  soluble 
in  3  parts  of  water  at  15^.  (Forchhammer.)  The  yellow  colour  which 
the  salt  occasionally  exhibits,  arises  from  excess  of  the  iron-salt,  and 
disappears  on  recrystallization.  (Forchhammer;  Ann.  Fhil.  5,  406;  Bor- 
zelius,  Ajhandlingar  B.  3;  also  Scher.  Ann.  7>  228;  Mitscherlich.) 

Forcb  hammer. 


NH«   

17 
78 

160 
225 

•  ••■ 

•  •■• 

•  ••• 

•  ••• 

•  »•• 

3-64 
16-25 

46-88 

FeW 

APO» 

16*470 
0*260 

4S0»  

25HO 

34-596 

43-480 

NH*0,  S08  +  Fe^O',  3SO»  +  24  Aq. 

480 

■  ••» 

100*00 

E.  Hydrobromate  of  Ammonia  containing  Sesquibromide  of 
Iron. — An  aqueous  solution  of  3  pts.  sesquibromide  of  iron  and  2  pts. 
hydrobromate  of  ammonia  yields,  on  gentle  evaporation,  light  red  needles 
united  in  bundles.  These  crystals,  when  dissolved  and  treated  with 
ammonia,  yield  2*47  per  cent,  of  ferric  oxide.  They  do  not  become 
moist  by  exposure  to  the  air;  are  easily  soluble  in  water;  and  separate 
from  the  solution,  on  evaporation,  with  a  diminished  amount  of  iron, 
while  a  mother-liquid  richer  in  iron  remains.  (Lbwig.) 

L.  Ammonio-protochloride  op  Iron. — Protoohloride  of  iron  absorbs 
ammoniacal  gas  with  avidity,  and  swells  up  to  a  white  powder  which 
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gives  np  its  aromonia  when  heated^  but  on  tHe  addition  of  water^  is  partly 
resolved  into  hydrochiorate  of  ammonia  and  hjdrated  ferrous  oxide. 
(Faraday.) 

M.  pROTocnLORiDE  OP  Iron  AND  Amhonium.  —  Ferroso-amvionic 
Chloride. — By  boiling  iron  filings  with  a  saturated  solution  of  sal- 
ammoniac  in  a  close  vessel — whereupon  hydrogen  and  ammoniacal  gas  are 
evolved — and  leaving  the  solution  to  crystallize  by  cooling.  (Hisinger  & 
BerzeliuSy  Gilh.  27,  273.) — 2.  By  mixing  saturated  solutions  of  green  vitriol 
and  sal-ammoniac  in  equal  volumes — allowing  the  ferroso^ammonic  sul- 
phate to  crystallize  out — pouring  off  the  remaining  liquid  and  evaporating 
it  to  the  crystallizing  point — and  separating  the  crystals  mechanically 
from  the  sal-ammoniac  which  crystallizes  out  with  them.  (A.  Vogel,  J.  pr. 
Chem.  2,  192.) — 3.  An  aqueous  solution  of  1  pt.  protochloride  of  iron  and 
4  pts.  8al*ammoniac,  prepared  hot  and  filtered,  is  set  aside  for  24  hours  in 
a  closed  vessel — and  the  resulting  crystals  dried  as  quickly  as  possible, 
and  kept  in  stoppered  bottles.  (Winckler,  Repert,  69, 171.) — Prepared  by 
( 1 ) :  bluish-green  crystals,  which,  when  expose<l  to  the  air,  become  covered 
with  hydrated  ferric  oxide,  and  whose  aqueous  solution  is  not  precipitated 
by  ammonia,  unless  the  air  has  access  to  it.  (Hisinger  &  Berzelms.) — 
By  (2):  lemon-yellow,  transparent  octohedrons  which  neither  deliquesce 
nor  effloresce  in  the  air — give  off  sal-ammoniac  when  heated — and  are 
easily  soluble  in  water,  but  not  in  alcohol.  (A.  Yogel.) — By  (3):  trans- 
parent and  colourless  rhombohedrons,  which  have  a  sharp  saline  and 
afterwards  astringent  taste,  contain  11*2  per  cent,  of  ferrous  chloride, 
turn  yellowish  in  the  air,  and  are  easily  soluble  in  water,  (Winckler.) 

N.  A MMONio 'SESQUICHLORIDE  OF  Iron.  —  Sesquichlorido  of  iron 
slowly  absorbs  ammoniacal  gas  at  ordinary  temperatures,  producing  a 
slight  disengagement  of  heat,  but  without  alteration  of  external  appear- 
ance. Part  of  the  compound  volatilizes  undecomposed  when  heated;  the 
rest  leaves  protochloride  of  iron.  It  deliquesces  in  the  air,  but  less 
quickly  than  pure  sesquichloride  of  iron.  When  thrown  into  water  in 
considerable  quantities,  it  dissolves  with  a  hissing  noise;  the  solution  is 
dark  red  and  transparent.  (H.  Hose,  Fogg,  24,  302.) 

H.  Rosa. 

NH» 17-0      ....        9-59        9 

Fe^CP  160-2       ....       90-41         91 

NH»,Fe«Cl' 177-2       ....     10000        IZ!       Too" 

0.  Sesquichloride  of  Iron  and  Ammonium. — Ferrico-ammonic 
Chloride. — 1.  A  solution  of  eal-ammoniao  in  a  large  excess  of  ferric 
hydrochiorate,  when  evaporated  over  oil  of  vitriol  within  a  receiver  con- 
taining air,  yields  garnet-coloured  crystals  belonging  to  the  oblique 
prismatic  system,  which  may  easily  be  mistaken  for  regular  octohedrons; 
they  are  not  decomposed  by  water  like  the  corresponding  compound  of 
chloride  of  potassium.  (Fritzsche,  J.  pr.  Chem.  18,  484.^ — 2.  By  slowly 
evaporating  a  mixture  of  this  nature,  the  author  obtained  very  deli- 
quescent rectangular  octohedrons,  having  two  of  the  basic  edges  and  four 
of  the  basic  angles  tmncated. 

Fritzsche. 

2NH* 36      ....       12-63 

2Fc 54       ....       18-95         19-47 

5C1 177      ....      62-10        61-66 

2HO  18       ....         6-32 

2NH*Cl  +  Fe2CP  +  2Aq.         285      ....     100*00 
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Or: 

2NH',  HCl 106-8  3747 

Fe»CP 160-2  56-21 

2HO  180  6-32 

2(NH»,HCl),FeaCP+  2Aq.      285*0      10000 

P.  Sal-ammoniac  containinq  Sesquichloride  of  Iron. — A 
solation  of  from  3  to  24  parts  of  sal-ammoniac  and  1  part  of  sesqui- 
cliloride  of  iron  in  water  yields  on  evaporation,  aarora-red  transparent 
crystals.  According  to  Geiger,  these  crystals  are  acute  rliombohedrons 
when  they  contain  a  medium  quantity  of  iron,  but  obtuse  when  the 
proportion  of  iron  is  either  very  small  or  very  large;  according  to  Marx 
also  (Schw.  54,  304),  they  appear  to  be  made  up  of  a  great  number  of 
small  cubes  not  quite  regularly  grouped  together,  whereby  the  cubical 
shape  is  somewhat  alter^.  (Gm.) — The  quantity  of  iron  is  small  and 
variable.  If  24  parts  of  sal-ammoniac  are  used  to  1  part  of  the  ferric 
chloride,  the  crystals  contain  0*85  per  cent,  of  ferric  chloride;  if  14  parts 
of  sal-ammoniac  are  used,  they  contain  1  '93;  and  with  3  sal-ammoniac, 
they  contain  5'12  per  cent,  of  ferric  chloride.  The  mother-liquor  of  the 
last- mentioned  crystals  yields,  on  further  evaporation,  brown-red  crystal- 
line granules,  containing  5*75  per  cent,  of  ferric  chloride.  (Geiger.) 
When  10  pts.  sal-ammoniac  have  been  used  with  1  pt.  ferric  chloride, 
the  crystals  contain  0'8(>  per  cent,  of  the  latter.  (Winckler,  Eepert, 
67,  155,)  The  crystals,  when  heated,  become  yellow  and  opaque,  and 
evolve,  first  sal-ammoniac,  and  afterwards  ferric  chloride.  They  dissolve 
in  3  parts  of  cold  water;  those  in  which  the  proportion  of  ferric  chloride 
does  not  exceed  5*12  per  cent.,  become  moist  only  in  damp  air;  those 
which  contain  5*75  p.  c.  Fe'CP,  become  moist  even  in  dry  air.  (Geiger, 
Repert,  13,  422.)  When  their  aqueous  solution  is  evaporated,  sal- 
ammoniac  crystallizes  out,  nearly  pure  at  first,  but  afterwards  continually 
richer  in  iron,  bein^  first  yellow  and  then  red,  and  there  remains  a 
mother-liquid  richer  m  iron. 

To  these  mixtures  of  ferric  chloride  and  sal-ammoniac,  belong  the 
Fert'uginoiLS  Flowers  of  Sal-ammoniac,  Flares  Salis-ammoniaci  martiales. 
These  are  obtained: — 1.  By  subliming  16  pts.  sal-ammoniac  with  1  pt. 
ferric  oxide,  whereupon  ammonia  is  evolved;  or  with  1  pt.  iron  filings, 
in  which  case  hydrogen  is  set  free  and  protochloride  of  iron  and  ammo- 
nium is  produced,  the  latter,  however,  if  the  air  has  moderately  free 
access  to  it,  is  converted  into  sesquichloride  of  iron  and  ammonium,  while 
ferric  oxide  is  left  behind. — 2.  By  subliming  a  mixture  (obtained  by 
evaporation)  of  12  parts  sal-ammoniac  and  hydrochlorate  of  ferric  oxide 
prepared  from  1  part  of  iron  filings. — 3.  By  aissolving  16  pts.  sal-ammo- 
niac and  1  pt.  ferric  chloride  in  water  and  evaporating  to  dryness.  Some 
pharmacopa)ias,  however,  direct  the  preparation  of  the  crystals  above 
described.  Yellow  saline  mass,  which  is  yellower  and  more  deliquescent 
in  proportion  as  it  is  richer  in  iron. 


Iron  and  Potassium. 

A.  Alloy  of  Iron  and  Potassium. — Formed  in  the  preparation  of 
potassium  by  method  No.  2  (III.  5),  when  pieces  of  iron  happen  to  bo 
situated  at  the  lower  end  of  the  gun-barrel  where  it  projects  from  the 
furnace. — Whiter  than  iron,  malleable,  and  so  soft  that  it  will  often  take 
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impressions  from  the  nails;  more  fusible  than  iron.     Oxidizes  in  the  air; 
efferresces  with  water  and  with  aqueous  acids.  (Gay-Lussac  &  Th^nard.) 

B.  Ferrite  of  Potash. — 1 .  When  hydrate  of  potash  is  fused  in  an 
iron  crucible,  and  the  whole  digested  in  water  after  cooling,  a  portion  of 
ferric  oxide  (ferrous  acid)  is  disaolyed  together  with  the  potash. — > 
2.  When  recently  precipitated  hydrate  of  ferric  oxide  is  boiled  for  an 
hour  with  strong  caustic  potash,  a  very  pale  yellow  liquid  is  obtained 
containing  a  small  portion  of  ferric  oxide.  (Chodnew,  J,  pr,  Ckcm, 
28,  221.) 

C.  Ferrate  op  Potash. — Becquerel  {Ann,  Ohim.  Phys,  51,  105) 
found  that  ferric  oxide  ignited  in  a  silver  crucible  with  from  4  to  6  times 
its  weight  of  potash-hydrate,  dissolved  in  the  potash,  but  was  separated 
again,  with  evolution  of  oxygen,  when  the  potash  was  dissolved  in  water; 
this  escape  of  oxygen  was  attributed  by  Becquerel  to  the  presence,  not  of 
ferric  acid  but  of  peroxide  of  potassium. — Ferrate  of  potash  is  formed 
when  iron  or  ferric  oxide  is  heated  to  redness  with  nitre  or  peroxide  of 
potassium,  or — if  air  has  access  to  the  mixture — ^with  hydrate  of  potash. 
It  is  also  produced  by  the  action  of  chlorine  on  ferric  oxide  diffused 
through  a  strong  solution  of  potash  (Fremy,  J,  Fharm,  27,  97;  also 
«/.  pr,  Chem.  26,  108);  and  by  galvanic  action.  IT  The  existence  of 
ferric  acid  appears  to  have  been  known  to  Stahl,  who  observed  that  when 
iron  is  calcined  with  nitre  and  the  mass  digested  in  water,  the  caustic 
alkali  produced  by  the  calcination  of  the  nitre  takes  up  part  of  the  iron, 
forming  an  amethyst  or  purple  solution;  also,  that  if  a  very  dilute  solution 
of  iron  in  nitric  acid  be  poured  by  small  portions  at  a  time  into  very 
strong  caustic  potash  and  the  liquid  agitated,  the  iron  dissolves  and 
imparts  a  blood-red  colour  to  the  liquid. — Subsequently,  Eckeberg  (Zicm^^. 
Vetemk,  Handl,  1802,  p.  68;  also  Scher,  J.  9,  607)  on  fusing  gadolinite 
with  caustic  potash,  obtained  an  alkaline  solution  which  had  a  dark  red 
colour  and  deposited  a  brick-red  compound  of  iron  and  lime.  And  in  a 
note  he  adds  that  the  red  colour  is  not  due  to  manganese,  for  even  iron 
alone  can  dissolve  in  caustic  potash  and  produce  the  most  beautiful 
purple  colour,  provided  it  has  been  previously  roasted.  {J»  pr,  Chem, 
32,  448;  comp,  Kopp,  Geschichte  d.  Chem,  1,  192.)  IT 

Preparation  of  the  dry  saU. — 1.  By  igniting  ferric  oxide  very  strongly 
for  some  minutes  with  nitre  and  hydrate  of  potash.  If  the  heat  is  too 
low,  nitrite  of  potash  remains  undecomposed,  and  then,  on  the  addition  of 
water,  reduces  the  ferric  acid  to  the  state  of  sesquioxide.  (Fremy.) — A 
mixture  of  1  part  of  finely  pulverized  ferric  oxide  and  4  parts  of  nitre  is 
introduced  into  a  crucible  capable  of  containing  double  the  quantity;  the 
cover  luted  on  tight,  but  in  such  a  manner  as  to  leave  an  exit  for  the  gas; 
and  the  mixture  heated — for  an  hour  if  the  quantity  is  6  ounces,  for  a 
shorter  time  if  it  be  smaller — to  a  bright  red  heat,  but  not  higher. 
(Denham  Smith,  Phil.  Mag,  J,  23,  217.) — 2.  By  igniting  iron-filings 
with  nitre.  (Fremy.) — An  intimate  mixture  of  1  pt.  finely  divided  iron 
and  2  pts.  dry  nitre  is  introduced  into  a  capaicious  crucible  kept  at  a  dull 
red  heat,  and  the  crucible  removed  from  the  furnace  as  soon  as  the 
mixture  begins  to  deflagrate  and  form  a  white  cloud,  an  efiect  which 
begins  at  one  point  and  quickly  extends  throughout  the  whole  mass.  If 
the  temperature  is  too  high,  the  compound  is  decomposed  as  soon  ajs 
formed.  (H.  Trommsdorff,  N.  Br.  Arch.  29,  104.)  If  the  crucible  is  too 
hot,  the  nitre  fuses  without  deflagrating.    The  mass  must  then  be  poured 
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inter  an  Iron  mortar  and  again  introdaced  into  the  crucible  after  cooling. 
The  crucible  should  therefore  be  heated  so  as  to  exhibit  perceptible 
redness  only  at  the  bottom  and  a  few  inches  above,  and  the  mixture 
should  be  thrown  into  the  middle  and  somewhat  to  the  side:  the  defla- 
gration— ^which  is  unattended  with  danger — then  takes  place  in  a  few 
seconds  with  a  bright  glow  and  intumescence  of  the  mass.  The  crucible  is 
removed  from  the  fire  either  during  or  immediately  after  the  deflagration, 
and  the  soft,  somewhat  friable  mass  taken  out  with  an  iron  spoon.  As, 
however,  ferrate  of  potash  thus  obtained  is  contaminated  with  nitrite, 
the  red  solution  which  it  forms  in  water  quickly  loses  its  colour.  (Wack- 
enroder,  N.  Br.  Arch,  33,  41.) — 3.  By  igniting  ferric  oxide  for  a  consi- 
derable time  with  hydrate  of  potash.  (Fremy.) — The  red-brown  or 
reddish,  highly  deliquescent  mass  thus  obtained  is  quickly  pulveriied,  and 
preserved  iu  dry,  well-stopped  bottles. 

AqueotM  Ferrate  of  Fotcuh — 1.  Formed  by  dissolving  the  dry  salt  in 
cold  water.  Since  the  act  of  solution  is  attended  with  evolution  of  heat^ 
by  which  a  portion  of  the  salt  is  decomposed,  it  is  necessary  to  use  ice- 
cold  water;  there  is  always,  however,  a  slight  evolution  of  oxygen  gas^ 
probably  arising  from  peroxide  of  potassium.  The  solution  must  be 
separated  from  the  undissolved  portion  by  subsidence  and  deoantation, 
not  by  filtering.  (D.  Smith.) — 2.  By  passing  chlorine  gas  through  a  very 
strong  solution  of  potash  in  which  ferric  oxide  is  diffused,  till  the  oxide 
dissolves  and  forms  a  red  solution.  (Fremy.)  When  5  parts  of  hydrated 
ferric  oxide,  recently  precipitated  and  dried  between  bibulous  paper, 
10  parts  of  hydrate  of  potash,  and  16  of  water  are  used,  and  chlorine 
rapidly  passed  through  the  soliition,  the  oxide  quickly  dissolves  in  the 
liquid,  which  gradually  rises  in  temperature,  and  deposits  chlorate  of 
potash  on  cooling;  if  too  much  water  or  too  much  ferric  hydrate  is  used, 
the  liquid  remains  colourless.  (Wackenroder.)  The  chlorine  must  not  be 
in  excess,  otherwise  it  will  decompose  the  salt.  (H.  Rose.) — 3.  Poggen- 
dorfi^s  process  consists  in  passing  the  positive  electricity  of  a  six-pair 
Grove's  battery  (I.  422)  for  24  hours,  through  an  electrode  of  English 
cast>iron,  into  a  solution  of  caustic  potash  concentrated  as  much  as 
possible  and  surrounded  with  ice;  in  that  solution  there  is  likewise 
immersed  a  clay  cylinder  filled  with  caustic  potash,  and  the  negative 
electricity  is  conducted  into  the  latter  liquid  by  means  of  a  platinum 
plate.  If  a  more  dilute  solution  of  potash  is  used,  the  resulting  prepara- 
tion is  less  permanent.  No  oxygen  gas  is  evolved  on  the  iron  plate, 
excepting  just  at  the  beginning  of  the  action  or  a  little  after;  if  the 
current  be  long  continued,  microscopical  crystals  of  ferrate  of  potash  are 
deposited  on  this  plate;  a  small  quantity  of  iron  collects  on  the  platinum 
plate.  (H.  Rose,  Fogg.  59,  315.) 

Aqueous  ferrate  of  potash  is  of  a  deep  amethyst* red  or  cheriy-red 
colour,  and  pervious  to  light  only  when  in  very  thin  strata. — The  solution 
when  left  to  stand  for  some  time,  loses  its  colour,  gives  ofi*  oxygen  gas, 
and  yields  a  precipitate  of  hydrated  ferric  oxide,  the  decomposition  taking 
place  the  more  quickly  as  the  solution  is  warmer  and  more  dilute. 
(Fremy.)  The  concentrated  solution  obtained  by  (2),  if  kept  in  close 
vessels,  does  not  decompose  completely,  even  in  the  course  of  several 
months,  but  leaves  a  red  residue  when  evaporated.  (D.  Smith.)  At  100"", 
the  decolorization  is  instantaneous.  (Fremy.)  The  concentrated  solution 
obtained  by  (3)  sustains  a  boiling  heat  without  decomposition,  but  after* 
wards  deposits  ferric  oxide  more  quickly  than  if  it  had  not  been  boiled:  it 
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18  altogether  more  permanent  than  that  obtained  by  (2),  retains  its 
deep  red-colour  for  months,  and  deposits  but  little  ferrio  oxide  all  the 
while.  Dilution  with  yarious  potash  and  soda-salts  produces  less  tendency 
to  decomposition  than  dilution  with  pure  water.  When  the  solution^ 
after  long  standing,  has  deposited  all  its  ferric  oxide,  it  exhibits  a  green 
colour,  arising  from  manganate  of  potash  formed  from  manganese  contained 
in  the  cast-iron.  (H.  Rose.) — Sulphuric  or  nitric  acid  forms  a  double  salt 
of  ferric  oxide  and  potash,  with  liberation  of  oxygen  gas  (Fremy);  hydro- 
chloric acid  likewise  forms  a  double  salt,  with  evolution  of  chlorine 
(D.  Smith);  a  smaller  quantity  of  acid  causes  a  precipitation  of  ferric 
oxide  (Fremy).  With  linc-salts  the  solution  evolves  oxygen;  from  man- 
ganese and  nickel-salts  it  precipitates  the  peroxides.  (Smith.)  Other 
heavy  metallic  salts  and  alum  likewise  decolorize  the  liquid,  the  base 
being  precipitated  together  with  ferric  oxide.  (Wackenroder.)— The  com- 
pound is  quickly  decomposed  by  de-oxidizing  agents.  Sulphurous  acid 
forms  sulphate  of  potash  and  precipitates  ferrio  oxide.  (H.  Rose.)  Sul- 
phuretted hydrogen  colours  the  solution  (2)  dark  green  by  forming  sul- 
phide of  iron  (Wackenroder);  the  concentrated  solution  (3)  is  converted  by 
the  same  reagent  into  a  black  mass,  which  forms  a  deep  green  liquid  with 
a  large  quantity  of  water.  (H.  Rose.) — Ammonia  and  all  ammoniacal  salts 
decompose  the  compound,  because  the  ammonia  which  is  evolved  reduces 
the  ferrio  acid  to  ferrio  oxide.  (Wackenroder,  H.  Rose.) — All  organic 
substances  act  in  the  same  manner;  hence  the  solution  cannot  be  filtered 
through  paper.  (Fremy.)  Oxalic  acid  mixed  with  the  solution  gives  off 
carbonic  acid  and  oxygen  gas.  (D.Smith.)  Alkaline  raoemates,  tartrates, 
and  malates  quickly  decolorize  the  liquid,  without  precipitating  ferrio 
oxide;  alkaline  citrates  act  very  slowly  and  occasion  a  precipitation  of 
ferric  oxide.  Oxalate,  acetate,  formiate,  and  beneoate  of  potash  decolorize 
the  liquid  as  slowly  as  the  inorganic  salts  of  potash ;  and  succinate  of 
potash  acts  still  more  slowly.  Aloohol  (with  formation  of  aldehyde, 
apparently)  sugar,  and  white  of  egg,  decolorize  it  quickly,  the  former 
with,  the  latter  without,  precipitation  of  ferric  oxide.  (H.  Kose.)  Ferro- 
cyanide  of  potassium  likewise  exerts  a  decolorizing  action.  (Wacken- 
roder.) 

The  solution  (1)  if  boiled  till  completely  decolorized  evolves  25*67  pts. 
oxygen  gas  for  every  100  pts.  of  precipitated  ferric  oxide.  [This  is 
equivalent  to  10 '01  pts.  (not  quite  1^  At.)  oxygen  to  39  pts.  {\  At.) 
ferric  oxide.]  Since  the  liquid  can  only  be  separated  from  the  undissolved 
oxide  by  decantation,  it  is  possible  that  some  portion  of  the  oxide  still 
remained  suspended  in  it,  in  which  case,  the  proportion  of  oxygen  to  the 
ferric  oxide  would  come  out  too  small.  On  the  supposition  that  ferric 
acid  is  FeO*,  12  pts.  of  oxygen  should  be  evolved  for  every  39  pts.  of 
ferric  oxide.  (D.  Smith.) — By  passing  sulphurous  acid  gas  through  the 
solution  (3)  till  the  colour  is  destroyed,  and  determining  the  quantity  of 
ferric  oxide  precipitated  and  sulphuric  acid  produced  (by  supersaturating 
the|filtrate  with  hydrochloric  acid  and  precipitating  with  chloride  of  barium) 
34 9 '8  pts.  (3  At.)  of  sulphate  of  baryta  were  found  to  correspond,  in 
different  experiments,  to  the  following  quantities  of  ferric  oxide:  73*1; 
78*3;  81-9;  therefore  approximately  78  pts.  (1  At.)  Hence  ferric  acid= 
FeO^;  and  when  it  is  decomposed  by  sulphurous  acid,  3  At.  sulphuric 
acid  are  produced  for  each  atom  of  ferric  oxide.  (H.  Rose.) 

2FcO»  +  3S02  =  Fc'O*  +  3S0». 
When  1  pt.  ferric  oxide  is  ignited  as  above  (p.  265)  with  only  2  pts.  nitrate 
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of  potash  ^or  better  with  nitrate  of  sods),  and  the  mass  digested  in  water, 
a  beautiful  green  solution  is  obtained  like  that  of  mineral  chameleon,  and 
always  mixed  with  the  red  salt:  the  latter,  however,  is  soon  decomposed, 
whereas  the  green  salt  may  be  kept  in  close  vessels  for  a  longer  time. 
This  green  salt  appears  to  contain  an  acid  with  a  smaller  quantity  of 
oxygen.  Chlorine  colours  the  solution  red;  acids  likewise  redden  the 
liquid,  with  evolution  of  oxygen,  and  afterwards  decolorize  it.  The  green 
liquid  may  be  passed  through  paper  without  decomposition,  but  it  is 
decomposed  by  prolonged  contact  with  organic  substances.  (D.  Smith.) 


D.  Carbonate  op  Ferric  Oxide  and  Potash. — a.  Ferricopotassic 
Carbonate, — StahVs  Alkaline  Tincture  of  Iron, — ^When  a  ferric  salt  is 
supersaturated  with  strong  carbonate  of  potash,  the  precipitated  ferric 
hydrate  is  re-dissolved  and  forms  a  blood-red  solution.  This  solution  is 
decomposed,  with  precipitation  of  ferric  hydrate,  both  by  heat,  and  by 
dilution  with  water  or  with  caustic  potash.  (Hausmann,  Scher,  J.  4, 576; 
Proust,  N.  Gehl.  3,  560;  Dobereiner,  Sckw.  9,  1.)  Freshly  precipitated 
ferric  hydrate  is  not  soluble  in  strong  carbonate  of  potash,  so  that  the 
presence  of  the  potash-salt  formed  at  the  same  time  appears  to  be  neces- 
sary to  the  solution.  (Grotthuss,  Schw,  30,  71.) 

E.  BoRiDE  OF  Iron  and  Potassium. — The  three  substances  combine 
at  a  white  heat,  and  form  a  blackish  mass  which  exhibits  the  metallic 
lustre,  conducts  electricity,  effervesces  slightly  in  water,  and  when  treated 
with  hydrochloric  acid,  yields  ferrous  oxide  and  boracic  acid.  (H.  Davy.) 

F.  Sulphide  of  Iron  and  Potassium. — a.  When  sulphide  of  anti- 
mony is  ignited  with  iron,  carbonate  of  potash,  and  charcoal,  an  easily 
fusible  slag  is  obtained.  (Berthier.) 

6.  Iron  filings  placed  in  contact  with  solution  of  potassio  liver  of 
sulphur,  turn  black  and  impart  a  green  colour  to  the  liquid.  (Vauquelin.) 

c.  The  concentrated  solution  of  ferrate  of  potash  obtained  by  (3)  is 
converted  by  sulphuretted  hydrogen  into  a  black  mass  probably  consisting 
of  KS,FeS^j  this  forms  a  dark  green  liquid  with  water,  which  remains  green 
even  when  very  much  diluted.  The  solution  remains  permanent  in  the  air 
for  a  long  time.  Continued  boiling  decomposes  the  concentrated  solution, 
with  separation  of  sulphide  of  iron;  the  dilute  solution  undergoes  no 
alteration,  excepting  that  it  acquires  a  transient  brown  tint  every  time  it 
is  heated.  (H.  Hose,  Fogg.  59,  320.) 

G.  Sulphate  of  Ferrous  Oxide  and  Potash. — Ferro»o-pota$sic 
^M/pAate.— KO,SO»-f  FeO,SO'  + 6  Aq.— Formed  by  dissolving  iron-filings 
in  a  warm  aqueous  solution  of  bisulphatc  of  potash.  Greenish  crystals, 
which  have  the  form  of  sulphate  of  magnesia  and  ammonia,  refract  light 
doubly,  have  a  rough  taste,  and  fall  to  pieces  when  exposed  to  the  air. 
(Link,  Crell.  Ann.  1796,  1,  30;  Mitscherlich;  Brewster,  Schw.  33,  344.) 

H.  Sulphate  op  Ferric  Oxide  and  Potash.  —  Ferrico-potasnc 
Sidphaie,  —  a.  Yellow  Iron-ore,  Ochre-yellow,  homogeneous,  massive 
plates;  sp.  gr.  2 '78... 2 '9;  fracture  varying  from  flatly  conchoidal  to 
earthy.  When  heated,  it  turns  red,  evolves  water  and  afterwards  sul- 
phurous acid;  gives  up  nothing  to  boiling  water;  slightly  soluble  in 
hydrochloric  acid,  more  readily  in  aqua-regia.  (Rammelsberg,  Pogg.  43, 
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Ydlow  Iron-orey  from  Eolostrnk.        Bammelsberg. 


KO  

CaO 

4FeW 

47-2       ... 

!!!!!!!!!!!!!    3120    ... 

7-37 

48-73         Z 

31-26 

12-66 

7-88 

0-64 

46-74 

6S0»    

9H0    

200-0      ... 

81-0       ... 

32-11 
13-56 

KO,S03  +  4(Fe«0»,S03)  +  9Aq.      640-2       ...     10000        100-98 

5.  Remains  in  the  form  of  a  pale  yellow  powder  when  the  salt  c  is 
treated  with  hot  water.  (Anthon.) 

Anthon. 

K0,S03     87-2      ...        8-09        80 

6Pe20»  468-0       ...       48-46        414 

9S03      3600      ...       83-42        86*6 

18H0     1620       ...       1604        160 

K0,803  +  3(2Fe2OS,3S0»)  +  18Aq.     10772      ...     lOO'OO        ~.      1000 

c.  Formed  by  adding  potash  to  a  solution  of  potash-iron-alum  till  a 
permanent  precipitate  begins  to  form— or  rather  by  adding  a  smaller 
quantity  of  potash,  so  that  a  considerable  Quantity  of  iron-alum  may 
remain  undecomposed — and  leaving  the  dark  liquid  to  evaporate  freely  in 
a  shallow  dish. — Yellowish-brown,  transparent,  regular  six-sided  prisms, 
shortened  into  tables ;  when  heated,  they  give  off  their  water  of  crystal- 
lization, but  retain  their  form.  Their  solution  in  cold  water,  6  parts  of 
which  are  required  to  dissolve  them,  is  soon  decomposed — unless  it  likewise 
contains  potash- iron-alum — into  precipitated  disnlphate  of  ferric  oxide, 
and  iron-alum  which  remains  in  solution.  (Maus,  Fogg.  11,78.) — The 
same  salt  has  been  accidentally  obtained  in  the  preparation  of  iron-alum  : 

1.  A  solution  of  78  pts.  ferric  oxide,  147  oil  of  vitriol,  and  87-2  sulphate 
of  potash,  deposited — ^partly  during  concentration— dark  brown  crystal- 
line crusts,  which  gave  off  water  and  assumed  a  red-brown  colour  at  a 
temperature  below  redness,  and  evolved  sulphuric  acid  at  a  white  heat, 
leaving  a  residue  of  ferric  oxide  mixed  with  sulphate  of  potash.  The  salt 
dissolves  in  12*75  parts  of  water  at  10°;  but,  when  heated  with  water,  it 
is  resolved  into  salt  b,  and  a  red-brown  solution,  which  deposits,  on  evapo- 
ration, first  the  salt  c  and  then  iron-alum.  (Anthon,  Repert,  76,  361.) — 

2.  If  a  boiling  solution  of  sulphate  of  potash  be  added  to  an  over-concen- 
trated solution  of  ferric  sulphate,  a  small,  greenish-yellow,  crystalline 
precipitate  is  produced,  having  the  composition  given  below;  after  several 
days'  standing,  however,-it  disappears  again,  with  formation  of  iron-alum. 
Also,  when  crystallized  iron-alum  is  dissolved  in  a  small  quantity  of  hot 
water,  the  greenish-yellow  salt  is  deposited  first.  (W.  Richter,  N,  Br. 
Arch.  23,  316.) 

2K0  94-4 

Pe^O' 780 

4S0'   160-0 

6H0  64-0 

2(K0,S03)  +  Fe"0^2S0»  +  6Aq.     886-4     ...  100-00     ...  lOO'O     ...     99-7     ...  lOO'O 

d.  When  carbonate  of  potash  is  added,  with  agitation,  to  an  aqueous 
solution  of  tersulphate  of  potash,  as  long  as  no  permanent  precipitate  is 
formed,  and  the  dark  brown  liquid  (which  becomes  turbid  when  filtered 
as  well  as  when  heated)  is  mixed  with  a  large  excess  of  alcohol,  a  light 
reddish-yellow  precipitate  is  formed,  which  must  be  washed  with  alcohol. 


MauB. 

Anthon.  Richter. 

24-43 

...     23-1 

...     20-6     ...     22-2 

20-19 

...     20-8 

...     21-2     ...     21-6 

41-41 

...     41-7 

...     42-6     ...     421 

13-97 

...     14-4 

...     15-4     ...     14-2 
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Thia  precipitate^  while  yet  moist,  is  soluble  in  water,  but  after  it  is  dry, 
water  decomposes  it,  leaving  basic  sulphate  of  ferric  oxide  undissolved. 
The  aqueous  solution  deposits  a  light  yellow  ochre  on  standing,  and  more 
quickly  on  boiling,  losing  at  the  same  time  the  greater  part  of  its  colour. 
(Soubeiran,  Ann.  Chim.  Fhys^  44,  329.) 


2K0 M-4 

8Fe«0»  2340 

880' 3200 

22HO    1980 


Soubeimu 

1115 

11-4 

27-64 

26-8 

87-81 

87-0 

23-40 

240 

2(KO,S03)  +  8(Fe5^03,2S03)  +  22Aq.     8464       ...     100-00         99-0 

e.  Fotcuh^iran-alum, — 78  parts  of  ferric  oxide  are  dissolved  in  147*2 
pts.  oil  of  vitriol  mixed  with  water  and  heated,  and  87'2  pts.  sulphate  of 
potash  added  thereto,  or  276  pts.  (2  At.)  green  vitriol  mixed  with  49  pts. 
oil  of  vitriol,  are  oxidized  by  nitric  acid  at  a  boiling  heat,  and  87*2  pts. 
sulphate  of  potash  added  to  the  liquid;  or,  according  to  Heintz's  method, 
10  parts  of  pounded  crystals  of  green  vitriol  are  heated  with  4  parts  of 
nitre  and  5  of  sulphuric  acid,  till  no  more  nitrous  acid  is  evolved, — ^then 
dissolved  in  a  fourfold  quantity  of  water  at  80°,  and  jSltered.  When  the 
concentrated  solution  is  left  to  stand  for  some  time  at  a  temperature  of  0^, 
or  somewhat  above,  the  alum  crystallizes  out;  and  by  taking  out  the 
crystals  first  obtained,  and  putting  them  in  again  after  evaporating  the 
liquid  a  little  further,  very  large  crystals  may  be  obtained.  The  mother- 
liquid,  mixed  with  a  small  quantity  of  sulphuric  acid  and  evaporated, 
deposits  a  white  granular  powder  or  crystalline  crust,  consisting  of  iron- 
alum  with  only  8*5  or  9  per  cent.  (3  At.)  water  of  crystallization;  this, 
when  quickly  washed  with  cold  water  and  then  dissolved  in  warm  water, 
yields  more  octohedrons.  If  the  remaining  mother-liquid  be  still  further 
evaporated  till  nothing  remains  but  a  saline  mass  mixed  with  fluid,  and 
this  mass  quickly  washed,  iron-alum  is  left,  containing  only  2'9  to  3*3  p.c. 
(1  At.)  water.  Commercial  iron-alum  contains  a  large  quantity  of 
alumina.  (W.  Heintz,  Pogg.  55,331.) 

Reffular  octohedrons.  Pale  violet.  (Riohter,  Heintz,  Gmelin.) 
Colourless,  according  to  other  authorities. 

Iron-alum,  when  exposed  to  the  air,  becomes  slowly  covered  with  a 
white  powder.  (W.  Richter.)  It  fuses  in  its  water  of  crystallization, 
afterwards  gives  off  its  water,  and  is  converted  into  a  yellowish- white, 
spongy  mass  resembling  burnt  alum.  When  very  strongly  ignited,  it 
fuses,  gives  off  24*4  per  cent,  of  sulphuric  acid,  *and  leaves  a  mixture  of 
15  1  per  cent,  ferric  oxide  and  17  p.  c  sulphate  of  potash.  (W.  Richter, 
Bepert,  76,  361.)  Iron-alum  is  resolved  by  heat  into  the  salt  c,  tersnl- 
phate  of  ferric  oxide,  and  free  sulphuric  acid. 

2(K0,  S0»  +  Fe»OS,  SSO^)  =  [2(K0,  SO^)  +  Fe^O^,  280']  +  Fe^Oa,  SSO^  +  S0». 

When,  therefore,  pulverized  iron-alum  is  dried  over  oil  of  vitriol  between 
60""  and  100°,  it  first  becomes  moist  and  then  leaves  a  brownish-yellow 
powder,  which,  if  treated  with  water,  will  perhaps  yield  a  few  more 
octohedrous;  but  these  are  probably  reproduced  alum.  (Heintz.)  When 
iron-alum  is  dissolved  in  a  small  quantity  of  hot  water,  the  greenish- 
yellow  salt  c  is  likewise  deposited  at  first,  but  it  is  afterwards  reconverted 
into  alum  and  rediesolved.  (Richter.)  Iron-alum  dissolves  in  5  parts  of 
water  at  12*5°.  (Anthon.) 
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ill 


OrystalUased. 

KO 47-2    ...      9-42 

Fe«03 780     ...     15-56 

4S03   1600     ...     81-92 

24HO 2160     ...     4310 


Anthon.      Richter. 

9-2     ...    10-8 

16-1     ...    14-9 

82-2     ...     30-9 

43-6     ...     43-6 


KO,S05  +  FeW,8SO»  +  24Aq.    501-2     ...  10000 


100-0 


99-6 


I.  PROTOcnLORTDE  OP  Iron  AND  PoTASsiUM.  —  Ferroso-potossic 
Chloride, — When  the  concentrated  solutions  of  the  two  metallic  chlorides 
are  mixed  and  the  mixture  cooled  or  gently  evaporated;  bluish-green^ 
hydrated  crystals  are  obtained.  (Berzelius.) 


K.  Sesquifluoride  of  Iron  and  Potassium. — Ferrica-potauic 
Chloride. — A  solution  of  chloride  of  potassium  in  excess  of  ferric  hydro- 
chlorate  eyaporated  under  a  bell-jar  over  oil  of  vitriol,  yields  small 
yellowish-red  crystals  belonging  to  the  oblique  prismatic  system.  A  small 
quantity  of  water  extracts  chloride  of  iron  from  them  and  leaves  crystals 
of  chloride  of  potassium  undissolved^  as  may  be  seen  by  examination  with 
the  microscope.  A  larger  quantity  of  water  dissolves  the  whole;  but  on 
evaporation,  colourless  crystals  of  chloride  of  potassium  separate  out  first, 
and  afterwards  coloured  crystals  of  the  ferrico-potassic  chloride;  and 
at  this  degree  of  concentration,  the  crystals  of  chloride  of  potassium 
re-dissolve  without  any  warming  or  stirring,  and  are  re-converted  into 
crystals  of  ferrico-potassic  chloride.  (Fritzsche,  J,  pr,  Ohem,  18,  483.) 


Crystallized, 


2KC1 
2Fe  .. 
3C1  .. 
2HO 


149-2 
540 

106-2 
18-0 


45-57 

16-49 

32-44 

5-50 


Fritzsche. 
44-72 
17-17 
31-39 


2KCl,Fe2Cl3  +  2Aq 327-4 


100-00 


L.  Protopluoride  of  Iron  and  Potassium.  —  FerroBO-potassic 
Fluoride, — KF,FeF. — Precipitated  on  mixing  hydrofluate  of  potash  with 
sulphate  of  ferrous  oxide.  (Berzelius.) 

M.  Sesquifloride  of  Iron  and  Potassium.  —  Ferrico-potassic 
Fluoride, — a.  Terbasic, — Formed  by  dropping  aqueous  sesquifluoride  of 
iron  into  excess  of  fluoride  of  potassium. — h,  Bibasic. — By  the  contrary 
process. — In  both  cases,  small  colourless  crystals  are  obtamed  somewhat 
soluble  in  water,  especially  in  hot  water.  (Berzelius,  Fogg,  4,  129.) 


a.  3KF,Fe2F». 

3K 117-6     ....     41-44 

2Fe 540     ....     19-03 

6F  112-2     ....     39-53 


2K. 
2Fe. 
5F  . 


6.  2KF,Fe«B«. 

78-4  ....  34-71 
54-0  ....  23-90 
93-5     ....     41-39 


Berzelias.. 
33-88 
24-06 


283*8 


100-00 


225-9 


10000 


Iron  and  Sodium. 

A.  Ferrite  of  Soda. — 78  pts.  (1  At.)  of  ferric  oxide  mixed  with 
excess  of  ignited  carbonate  of  soda,  drive  ofi*,  at  a  red-heat,  23-19  (a  little 
more  than  1  At.)  carbonic  acid,  and  form  a  difficultly  fusible  mixture. 
This  mixture,  when  cool,  is  liver-coloured — has    a  waxy,  conchoidal 
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fracture — and  takes  up  carbonic  acid  from  the  air,  becoming  red-browa 
and  dull.  Water  either  hot  or  cold  dissolres  out  the  caustic  soda 
(together  with  the  excess  of  carbonate),  and  leaves  ferric  oxide  free  from 
soda:  the  latter  is  brown-black  after  drying,  and  dissolves  easily  in  dilute 
hydrochloric  acid,  but  a  small  quantity  of  magnetic  oxide  (about 
2*1  per  cent,  of  the  ferric  oxide)  usually  remains  undissolved.  (Count 
Schaffgotech,  Fogg.  43,  117.) 

B.  Carbonate  of  Ferric  Oxide  and  Soda. — Analogous  to  carbonate 
of  ferric  oxide  and  potash. 

C.  and  D. — With  Borax,  ferric  oxide  yields  upon  charcoal  in  the 
inner  flame,  a  dark  bottle-^een  glass,  which,  by  more  complete  reduction 
to  the  state  of  ferrous  oxide,  acquires  a  lighter  bluish-green  colour,  and, 
if  the  quantity  of  iron  is  but  small,  appears  colourless  after  cooling. 
The  reduction  is  accelerated  by  addition  of  tin.  In  the  outer  flame,,  a 
yellowish-red  glass  is  produced,  which  on  cooling  becomes  yellow  and 
afterwards  colourless,  if  the  quantity  of  ferric  oxide  is  but  small,  but 
remains  yellow  if  it  be  XvLtgQT.—Microcosmic  Salt  behaves  like  borax. 
(Berzelius.) 

IT  E.  Pyrophosphate  op  Ferrous  Oxide  and  Soda. — Ferroso-todic 
Fyropkosphate. — Exists  only  in  solution,  and  when  exposed  to  the  air, 
turns  red  and  yields  a  deposit.  Sulphuretted  hydrogen  colours  it  brown, 
and  sulphide  of  ammonium  precipitates  it  completely.  (Pcrsoz,  Ann, 
Pharm.  05,  170.) 

F.  Pyrophosphate  op  Ferric  Oxide  and  Soda. — Ferrico-sodic 
Fyrophonphate, — Obtained  by  boiling  pyrophosphate  of  ferric  oxide  with 
a  quantity  of  pyrophosphate  of  soda  not  sufficient  to  dissolve  it, 
and  precipitating  with  alcohol.  (Fleitmann  &  Heuneberg,  Ann,  Pharm. 
Q5,  390.) — Colourless  and  easily  soluble.  The  solution  maybe  evaporated 
to  a  syrupy  consistence  without  becoming  turbid;  but  is  partially  decom- 
posed thereby,  like  the  alumina-salt.  No  turbidity  or  colour  shows  itself 
even  after  the  solution  has  been  left  to  evaporate  spontaneously  for  a 
month.  When  treated  with  sulphuretted  hydrogen,  it  assumes  the  colour 
of  catechu,  without  yielding  a  deposit  of  sulphur;  and  on  the  addi- 
tion of  sulphide  of  ammonium,  a  deep  green  colour  is  produced.  A 
precipitate  likewise  appears  after  a  while,  but  it  re-dissolves  on  being 
washed  aud  yields  a  greenish-brown  solution.  The  formula  of  this 
salt  is  P»iO'4,Fe«0'-ha*0»,2NaO)-ha;Aq.  (Persoz),  or  2Fe'0^3PO*-h 
2(2NaO,PO»)  +  7  Aq.  (Fleitmann  &  Henneberg.)  IT 

Fleitmann  & 
Henneberg. 

2Fe203   156     ....     2229        ....        2242 

4NaO 124     ....     Wll 

5PO* 357     ....     5100        ....         6112 

7HO  63    ....      9-00        ....  9-19 

2Fe20»,3PO*  +  2(2NaO,PO»)  +  7  Aq.      700     ....  100-00 

G.  Sulphide  of  Iron  and  Sodium. — 1.  Formed  by  fusing  2  parts  of 
iron  pyrites  with  1  pt.  carbonate  of  soda. — 2.  By  fusing  sulphide  of 
antimony  with  carbonate  of  soda,  charcoal,  and  iron.— Deep  yellow, 
forms  a  black  paste  with  water.  (Berthier.) 
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H.  Basic  Sulphate  op  Ferric  Oxide  and  Soda.— Formed  by  the 
weathering  of  iron-pyrites  injected  into  alum-slate.  Massive,  exhibiting 
an  earthy  fracture,  and  yielding  a  light  yellow  powder;  perfectly  insoluble 
in  water,  sparingly  soluble  in  hydrochloric  acid.  (Th.  Scheerer,  Pogg. 
45,  19Q.) 

Scheerer. 

NaO 31-2     ....       5-00        ....  520 

4Fc»0» 312-0    ....    49-98        ....        49-63 

5S08 200-0    ....     32-04        ....        32-44 

9HO 810    ....     1298        ....        13-11 

NaO,SO»  +  4(Fe»0»,SO»)  +  9Aq.       624-2     ....  lOO'OO        ....       100-38 


Iron  and  Barium. 

-  By  heating  to  whiteness  a  mixture  of  iron  and  baryta,  strontia^  or 
lime,  with  or  without  charcoal,  Gki,y-Lussac  &  Thenard  did  not  succeed  in 
combining  the  metal  contained  in  eiihcBof  these  alkalis  with  the  iron. 

A.  Alloy  op  Iron  and  Barium.— Lampadius  {Schto,  15,  146)  by 
heating  to  whiteness  a  mixture  of  1  pt.  baryta  with  1  pt.  of  iron-plate 
and  \  pt.  charcoal-dust,  obtained  a  metal  which,  when  exposed  to  the  air, 
soon  crumbled  to  pieces,  and  was  converted  into  baryta  and  ferric  oxide.— ^ 
Clarke  {GUb.  62,  374)  fused  2  pts.  barium  with  1  pt.  iron  before  the 
oxy-hydrogen  blowpipe,  and  obtained  a  brittle,  lead-coloured  mixture. 

B.  Ferrate  of  Baryta.-^ Aqueous  ferrate  of  potash  yields  with 
dilute  solutions  of  baryta-salts  in  excess,  a  bulky,  deep  carmine-coloured 
precipitate  which  may  be  washed  and  afterwards  dried  at  100®  without 
changing  colour.  (D.  Smith.)  The  precipitate  when  fresh  is  cochineal- 
coloured,  but  after  washing  and  drying,  it  is  rose-HSoloured  or  brick-red,  and 
is  found  to  have  absorbed  a  small  quantity  of  carbonic  acid  from  the  air. 
(Wackenroder.)  When  carefully  heated,  it  merely  loses  water  and  turns 
green;  at  a  higher  temperature,  it  likewise  gives  off  oxygen  gas  and  loses 
its  colour.  Before  drying,  it  is  decomposed  by  acids,  even  by  carbonic 
acid, — more  slowly  by  sulphuric  acid  than  by  some  others.  (D.  Smith.) 
When  treated  with  siuphurio  acid,  it  retains  a  pale  red  colour.  (Wacken- 
roder.) 

DHed  at  100^.  Smith. 


2BaO 

Fe=0> 

30  

153-2 
78-0 
24-0 
18-0 

....      dO-Uo            ..• 

....    28-55 
....      0-/0        ... 
6-59 

31 -2^ 
9*66 

2HO   

6-33 

2(B»0,FeO»  +  Aq.) 

273-2 

....  100-00 

100-00 

C.  Sulphide  of  Iron  and  Barium.— ^10  parts  of  sulphate  of  baryta^ 
heated  to  whiteness  in  a  charcoal  crucible  with  10  pts.  dry  ferrous  sulphate* 
yield  11*5  pts.  of  metallic  sulphide, — therefore  62-6  p.  c.  sulphide  of 
barium  to  37*4  sulphide  of  iron.  After  fusion  it  exhibits  a  close  fracture, 
dark  grey  colour,  and  metallic  lustre.  (Berthier.) 


VOL.  V. 


274  IRON. 


I&oK  AND  Calcium. 

Aqueous  ferrate  of  potash  does  not  precipitate  the  salts  of  strontifty 
lime,  or  magnesia.  (D.  Smith.) 

A.  HVPOPHOSPHITB  OP  Ferbic  Oxide  amd  Limb. — ^An  aqueous  solu- 
tion of  phosphite  of  lime  is  boiled  for  a  considerable  time  with  excess  of 
ferrous  oxalate,  the  mixture  left  to  cool  in  a  closed  yessel,  then  quickly 
filtered  and  evaporated  in  vacuo  over  oil  of  vitriol. — Greenish  crystalline 
crusts,  which,  when  heated,  give  off  spontaneously  inflammable  phos- 
phuretted  hydrogen  gas.  Contains  31 '37  hypophosphite  of  lime,  44*73 
hypophosphite  of  ferrous  oxide,  and  23*90  water.  (H.  Rose,  Fogg.  12, 294.) 

B.  Sulphide  of  Iron  and  Calcium. — When  20  pts.  crystallized 
£jpsum  and  20  dry  ferrous  sulpbate  are  heated  to  whiteness^  in  a 
charcoal  crucible,  17*23  parts  of  metallic  sulphide  are  obtained,  in  the 
form  of  a  fused,  blistered,  whitish-grey  mass,  having  a  faint  metallic 
lustre.  (Berthier.) 

Fluorspar  fuses  readily  with  ferric  sulphate;  but  the  mixture  decom- 
poses immediately  afterwards,  with  evolution  of  sulphuric  acid.  (Berthier, 
Ann.  Chinu  Fhys.  43,  301.) 

Iron  and  Magnesium. 

A.  Alloy  op  Iron  and  Magnesium. — Magnesia  moistened  with  oil 
and  brought  to  the  melting  point  before  the  oxy-hydrogen  blowpipe,  fuses 
with  iron  into  a  brittle  alloy,  which  exhibits  the  metaliic  lustre,  and 
yields  to  the  file.  (Clarke.) 

B.  Carbonate  op  Ferrous  Oxide  and  Magnesia. — MesU%ne-9par, 
which  has  the  form  of  calc^ar  and  a  density  of  3*36,  is,  according  to 
Btromeyer,  MgO,CO»  -f  PeO,CO». 

Carbonate  of  magnesia  appears  to  render  hydrated  ferric  oxide 
somewhat  soluble  in  water.  (Bischof,  J.  pr.  Cham.  2,  70.) 


2-22  to  6-71  p.  c.  sulphate  of  lime,  26*88  to  1710  sulphate  of  magnesia, 
35-88  to  39*92  ferroso-ferric  sulphate,  6*77  to  6*85  basic  ferric  sulphate, 
and  28-28  to  31*42  water,  including  loss.  (Berzelius  &  Haidinger,  Fogg. 

1«,  4"1.^ 


Iron  and  Cerium. 


Carbide  of  Iron  and  Cerium.—- A  mixture  of  eerie  and  ferric 
oxides  heated  to  whiteness  with  charcoal,  yields  a  green,  porous,  magnetic, 
▼ery  brittle  mass^  which  appears  metallic  when  filed.  (Gahn.) 


Iron  and  Glucinum. 


A.  Alloy  op  Iron  and  Glucinum. — Obtained  by  Sir  H.    Davy: 
1.  By  heating  to  whiteness  a  mixture  of  glucina,  iron,  and  potassium; 


IRON  AND  ALUMINUM.  275 

2.  By  briogiDg  slightly  moistened  glucina  inclosed  in  an  atmosphere  of 
hydrogen  into  the  circuit  of  a  thousand-pair  voltaic  battery  with  double 
plates,  the  negative  pole  being  formed  of  an  iron  wire,  which  was  fused 
.^  by  the  action  of  the  current. 

B.   Carbide  of  Iron  and  Glucinum.— By  raising  a  mixture   of 

flucina,  iron,  and  lamp-black  to  an  intense  white  heat. — Whiter  and  less 
uctile  than  iron.     Dissolves  in  acids,  forming  double  salts  of  iron  and 
glucinum.  (Stromeyer.) 

Ibon  and  Aluminum. 

A.  Allot  op  Iron  and  Aluminum.— Prepared  by  Davy  in  the  same, 
manner  as  the  alloy  of  iron  and  glneinnm  (method  2). — Whiter  than 
iron.  When  immersed  in  water,  it  oauses  effervescence,  and  becomes 
covered  with  a  white  powder.  Dissolves  in  hydrochloric  acid,  forming  a 
mixture  of  hydrochlorate  of  ferrous  oxide  and  hydrochlorate  of  alumina. 

B.  Aluminate  of  Ferrous  Oxide. — Zdlanite, — Spinelle  (III.,  828) 
in  which  part  of  the  magnesia  is  replaced  by  ferrous  oxide. — Black  octo- 
hedrons  {Figs,  2  and  6).  Sp.  gr.  from  3'6  to  3*8.  Harder 'than  quartz; 
translucent  or  opaque;  yields  a  greyish-green  powder.  Does  not  fiiso 
before  the  blowpipe,  but  dissolves  in  borax  or  in  microcosmio  salt^  forming 
a  glass  coloured  by  iron,  and  scarcely  acted  upon  by  acids. 

Abich.  Abich. 

At.             ZeilanUe.              ^rtd.        Iserwicae.      At.  Vcsuriui. 

MgO....  2  ....     40-0  ....  17*45  ....  17-58  ....  17-70  ....     9  ....  180  ....  24-69  ....  25*94 

FcO  ....  1  ....     35-0  ....  15-27  ....  13-97  ....  19'29  ....     1  ....  35  ....     4-80  ....     5*06 

^                    AJPO»     3  ....  154-2  ....  67-28  ....  6527  ....  69-66  ....  10  ....  614  ....  70-51  ....  67-46 

olV^^ ....         ....  a...  ....       A  Ov    •...       X  dV    ....  ....  ....  ••..       ^  OO 

229-2  ....100-00  ....  99-32  ....  98-44  729  ....10000  ....100-84 

Addendum.  —  CTUoroapinellf,  from  Slatoust. — Regular  octohedrons; 
sp.  gr.  3*593;  hardness  equal  to  that  of  topaz.     Translucent  at  the  edges, 
'  grass-green,  yielding  a  greyish-green  powder;  assumes  a  transient  brown- 

ish-green colour  when  heated.  Infusible  before  the  blowpipe;  fuses  with 
carbonate  of  soda  to  a  greyish-white  mass;  in  the  state  of  powder,  it  dis- 
solves readily  in  borax  or  in  microcosmic  salt,  forming  a  green  glass, 
colourless  after  cooling.  It  may  be  regarded  as  spinelle,  MgO,APO',  in 
which  part  of  the  alumina  is  replaced  by  ferric  oxide,  as  is  the  case, 
though,  to  a  smaller  extents  in  the  Zeilanite  from  Iserwiese.  (G.  Rose, 
Fogg,  50,  652. 


At 

ChlorospinelU* 

G.  Rose. 

At. 

G.Rose 

CaO 

•••■ 

....    0-27 

MgO...  12  .... 

240-0  ....  27-17 

....  26-77 

•  ••• 

§     .... 

140-0  .... 

26*60  ....     27-49 

CuO 

•*«• 

....    0-27 

•  ••• 

.... 

.... 

...,      0-52 

Fc«0«       1  .... 

78-0  ....    8-83 

....    8-70 

•  #•• 

A        .... 

78-0  .... 

14-82  „..     14-77 

Al^O*     11  .... 

565-4  ....  6400 

....  6413 

•  ••• 

6     .... 

308-4  .... 

58-58  ....     57-34 

883-4  ....100-00  ....100*14  526-4  ....  10002  ....  10012 

IT  Ebelmen,  by  exposing  a  mixture  of  3'30  pts.  alumina,  2*57 
ferric  oxide,  and  2*50  ooracic  acid,  to  the  heat  of  a  pottery  furnace, 
obtained  a  mass,  the  whole  surface  of  which  was  covered  with  intersecting 
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lis:lit  brown,  transl)arent  or  translucent  laminae ;  they  were  hard  enoagb  to 
scratch  quartz.  The  compound  Al*0',FeO  has  lately  been  discovered  by 
Lippe,  and  named  ffencinite.  {Ann,  Pharm,  68,  266.)  IT 

C.  Carbide  op  Iron  and  Aluminum. — Formed  by  raising  an  inti- 
mate mixture  of  alumina  and  carbide  of  iron  d.  (p.  219)  to  an  intense 
white  heat. — Very  brittle  and  white;  yields  by  analysis,  6'4p.  c.  alumina. 
When  fused  with  15  parts  of  steel,  it  forms  an  alloy  resembling  Indian 
steel  (Faraday  &  Stodart.) 


D.  Sulphate  op  Alumina  and  Ferrous  Oxide. — a.  A  species  of 
Feather-salt — Formed  by  the  weathering  of  iron-pyrites  diffused  through 
slate-clay  in  the  abandoned  mines  of  Hurlet  and  Campsie. — Asbestus-like 
mass,  consisting  of  colourless,  silky  fibres,  which  turn  brown  in  moist  air, 
are  easily  soluble  in  water,  on  the  evaporation  of  which,  crystals  of 
greeu  vitriol  separate  out,  the  alumina  remaining  in  the  mother-liquid. 
(Phillips,  Ann.  PhU.  21,  446.) 


6FcO 210*0 

AP03 51-4 

8SO ;. 3200 

48HO   4320 


Phillips. 

2072 

20-7 

507 

5-2 

31-58 

30-9 

42-63 

43-2 

6(Fe0,SO»)  +  A12O»,2SOU48Aq.     10134       ....     10000 1000 

6.  Another  kind  of  Feaiher -salt — ^White,  silky,  asbestus-like  bundles 
of  fibres,  which  have  a  styptic  taste,  give  off  water  when  gently  heated, 
fuse  readily,  and  dissolve  perfectly  in  water,  forming  a  colourless  solution. 
Origin  unknown.  (Berthier,  Sckw,  33,  472.) — A  similar  composition  is 
that  of  Mountain-butter,  which  occurs  at  Wetzelsteir  near  Saalfeld  in 
white,  botrymous,  and  kidney-shaped  masses.  (Brandes,  Schw.  39,  417.) 


NH'  

NaO  

Mgo : ;..::::;;;;;::.;:.. 

2PeO ,  70-0 

A130» 6I.4 

5SO' 200-0 

27HO 243-0 


Berthier. 

Brandes. 

Feather^ 

Mounittin 

salt. 

butter. 

1-78 

0-72 

0-8 

0-81 

12-40 

12-0 

10*12 

9-11 

8-8 

7-11 

35-44 

34-4 

35-33 

43-05 

44-0 

44*13 

2(FeO,SO^  +  APO»,3SO«  +  27Aq.     564-4     ....  lOO'OO 


1000 


100-00 


c.  Anothe7'  hind  of  Feather-salt,  corresponding  in  composition  to  alum. 
From  the  quicksilver  mine  at  MorsfeldL  Yellowish-white,  silky  mass, 
consisting  of  soft  parallel  fibres.  (Rammelsberg,  Fog^.  43,  399.) — The 
same  salt  is  obtained  artificially  by  mixing  the  solutions  of  green  vitriol 
and  sulpliate  of  alumina  with  a  large  excess  of  sulphuric  acid.  The  mix- 
ture, when  put  into  a  porcelain  basin  with  rough  sides,  and  left  to  evapo- 
rate in  a  warm  place,  effloresces  in  long,  silky  threads,  united  in  bundles, 
which  are  very  apt  to  creep  over  the  edge  of  the  vessel.  (Klauer,  Ann, 
Pharm,  14,  261.) 
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Rammelsbeig.        Klauer. 

KO  ....  ....  0-43 

MgO    ....  ....  0-24 

FeO 35-0    ....      7-57  ....  9-37  ....         788 

AP03  51-4     ....     11-12  ....  10-91  ....       11-30 

4SO»    1600     ....     34-60  ....  3602  ....      3579 

24HO  216-0     ....     46-71  ....  43-03  ....       4503 


FeO,8O3  +  APO3,3S0»  +  24Aq 4624     ....  lOO'OO      ....     10000       ....     10000 

d.  Feather-salt  containing  Magnesia.  Fonned  by  the  weathering  of 
iron-pyrites  injected  into  the  slate  below  Fort  Aries.  White,  greenish, 
or  yellowish  concretion,  which  reddens  litmus,  has  a  stjptic  taste,  fuses 
when  heated,  and  then  swells  up,  leaving  a  reddish,  porous  mass,  (Bonis, 
J.  Ckim,  Mid.,  12,  628.) 


MgO. 
FeO  . 
APO*. 
3S08. 
15HO 


Bottis 

20-0 

5-54 

5-30 

35-0 

9-68 

10-19 

51-4 

14-22 

13-15 

1200 

33-21 

32-18 

135-0 

37-35 

39-18 

MgO,80»  +  FeO,80«  +  Al«0»,SO«+15Aq.      3614      ....     100-00        10000 

£.  Sulphate  of  Alumina  and  Ferric  Oxide. — ^When  hydrate  of 
alumina  recently  prepared  and  still  moist,  is  agitated  with  an  aqueous 
solution  of  tersulphate  of  ferric  oxide,  it  takes  from  that  solution  the 
whole  of  the  ferric  oxide,  together  with  the  greater  part  of  the  sulphuric 
acid,  and — ^if  the  iron-solution  be  in  sufficient  quantity — is  thereby  ex- 
panded to  four  times  its  original  bulk.  A  small  quantity  of  aJumma  is 
transferred  to  the  liquid.  Any  excess  of  the  iron-solution  remains  unal- 
tered. The  resulting  compound  washed  with  hot  water,  dissolves  easily 
in  cold  dilute  sulphuric  acid,  with  difficulty  in  cold  dilute  nitric  or  hydro- 
chloric acid ;  potash  abstracts  from  it  a  large  proportion  of  the  alumina. 
(Anthon,  Repert.  77,  114.) 

Hydrate  of  alumina  similarly  treated  with  hydrochlorate,  nitrate,  or 
acetate  of  ferric  oxide,  is  conyerted  into  a  brown,  viscid  jelly;  the  dark 
brown  supernatant  liquid,  which  contains  alumina,  yields  a  jelly  on 
eyaporation;  with  oxalic  acid,  it  forms  small,  light  brown  flakes,  and  with 
ferrocyanide  of  potassium,  a  brown  gelatinous  precipitate,  which  turns 
blue  on  the  addition  of  hydrochloric  acid.  (Anthon.) 


Iron  and  Silicium. 

A.  Silicide  of  Iron. — 1.  Prepared  by  Dayy  similarly  to  the  alloy 
of  iron  and  alumina.  When  treated  with  hydrochloric  acid,  it  deposits 
silica. — 2.  Clarke  obtained  a  white  metal  by  exposing  silica  in  contact 
with  iron  in  a  charcoal  crucible,  to  the  flame  of  the  oxy-hydrogen  blow- 
pipe; and  by  using  a  small  quantity  of  iron,  he  obtained  silicium  almost 
free  from  iron. — 8.  When  pure  iron  is  fused  in  an  earthen  crucible,  an 
alloy  is  formed  which  contains  0*54  per  cent,  of  silicium,  and  is  more 
difficult  to  file  and  hammer  than  pure  iron.  (Boussingault,  Ann.  Chim., 
Phys.  16,  15.) — 4.  When  iron  filings  are  heated  to  whiteness  with  fluo- 
ride of  siliciam  and  potassium,  the  products  are  fluoride  of  potaJBsium, 
Huoride  of  iron,  and  silicide  of  iron.  Hot  water  dissolyes  out  the  two 
former^  and  leayes  the  latter.    Silicide  of  iron  dissolves  in  acids,  even  in 
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hydrofluosilieie  acid,  the  siliciam  being  oxidated.    When  exposed  to  the 
air  in  a  moist  state,  it  is  converted  into  a  rusty  yellow-ochre.  (Berzelius.) 


B.  SiLicATB  OP  Ferrous  Oxide,  or  Ferrous  Silicate. — a.  DisiUcaU. 
— Often  produced  in  the  conversion  of  cast  into  wrought  iron,  and  in  the 
refining  of  coarse  copper;  in  the  latter  case,  it  is  mixed  with  the  sulphides 
of  copper  and  iron.  Exhibits  the  same  crystalline  form  with  the  same 
cleavage-planes,  likewise  the  same  lustre  and  hardness  as  Chrysolite 
(III.,  895)  even  when  disilicate  of  lime  b  mixed  with  it.  Hydrochloric 
acid  extracts  the  ferrous  oxide,  and  leaves  the  silica  (in  the  form  of  a  jelly: 
KobeU)  undissolved.  (Mitsoherlich,  Ann.  Chim^Fhys.  24,  859;  Walchner, 
Schw.  39,  71;  e<mp.  Milleri  Fogg.  28,  559.) 

Biitacherlidi.  Walchner. 

a.  b,                     c  d.              t, 

KO ....  ....                 0-20  ....  0-29  ....    0-19 

MgO    ....     0-65  ....                  1-90  ....  1-41  ....     1-31 

MnO ....  ....                  1-30  ....  2-65  ....     1*46 

2FeO   ....     70  ....     69*31  ....  67-24  ....  6907    Fe^O*  6123  ....  6204  ....  6332 

VrUv^i. ......  ....  •••.  ..•.  ........  a...  .•>•         <M   OO 

AJL  KJ^     ....  *..«  ....  ....  ........  X  vO    ....  ....        X  £w 

8i02 31  ....     30-69  ....  3M6  ....     3093    32-96  ....  32-85  ....  29-25 

101  ....  10000  ....  9905  ....  10000    9915  ....  98*74  ....  99*43 

a.  are  crystals  from  iron-works;  t.  from  the  copper  refinery;  the  admixed 
sulphide  of  iron  and  sulphide  of  copper  have  been  allowed  for  in  the 
analysis;  e.  from  the  iron- works  at  Dax  in  the  Pyrenees,  sp.gr.  8*7; 
d.  from  the  iron- works  at  Bodenhausen  In  the  Harz;  very  much  like 
hyalosiderite,  sp.  gr.  8*529;  e,  from  the  copper-refinery  at  Lauterthal  in 
the  Harz,  sp.  gr.  8*87. 

To  this  head  belong  also  Hyalosiderite  and  FayaliU,  excepting  that  a 
large  quantity  of  the  ferrous  oxide  is  replaced  by  magnesia  and  other 
bases.  ffycUosiderite  has  the  form  of  chrysolite;  sp.  gr.  2*875;  harder 
than  apatite,  yellowish-brown;  translucent  at  the  edges,  where  it  exhibits 
a  h3racinth-red  colour.  If  not  naturally  magnetic,  it  becomes  so  when 
heated  to  redness,  when  it  also  turns  black ;  at  a  higher  temperature,  it 
fuses  to  a  black  magnetic  globule.  With  borax  or  microcosmic  s/dt,  it 
gives  the  reactions  of  iron,  and  with  microcosmic  salt,  immediately  a 
skeleton  of  silica.  It  dissolves  with  difficulty  in  cold,  concentrated 
hydrochloric  acid,  and  yields  a  jelly  on  evaporation.  (Walchner,  Schw. 
39,  65.) — FayaliU  is  sometimes  of  crystalline  structure,  sometimes  fused 
and  blistered;  sp.  gr.  4*188;  softer  than  quartz,  greenish-black,  and  strongly 
attracted  by  the  magnet.  Fuses  very  easily  and  quietly  to  a  metallic 
globule,  with  evolution  of  sulphurous  acid;  dissolves  readily  in  borax  and 
in  microcosmic  salt.  Strong-fuming  nitric  acid  converts  it  into  a  jelly; 
but  when  this^  J^^^J*  *^'®'  washing  with  water,  b  boiled  with  carbonate 
of  potash,  which  dissolves  the  gelatinous  silica,  there  remains  another 
mineral,  insoluble  even  in  boiling  oil  of  vitriol ;  this  latter  mineral  was 
therefore  intimately  mixed  with  the  soluble  mineral,  the  purer  Fayalite. 
(C.  G.  Gmelin,  Fogg.  51,  160.) 
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KO  .... 

4MgO 

MnO 

2FeO 

3Si03 

APO» 

Cr203  , 


CaO 

MnO    ... 
2FeO    ... 

CuO 

PbO 

lSiO«   ... 
APO»  ..., 

FeS 

S  and  CI 


70 


31 


Hyahiidente. 

Wdchner 

• 

••«« 

2-79 

80      .... 

32-92 

32-40 

0-48 

70      .... 

28-80 

29-71 

93      .... 

38*28 

31-64 

2*21 

trace 

43      .... 

10000 

99*23 

« 

t  qfFayalite. 

C.  6.  Gmelin.         FeUenberg. 

0-43 

2-94 

0-79 

69-31 

65-84 

62-57 

0-60 

0-32 
1-71 

30-69 

».. 

24*93 

31  04 

1-84 

3-27 

2-77 


trace 


101 


100-00 


98-92 


100-13 


In  Walchner's  analysis^  the  29-71  denotes  not  ferrona  but  ferroso-ferrio 
oxide. — The  insoluble  portion  of  Fayalite  exhibits  such  diversities  of 
composition  that  it  cannot  be  reduced  to  calculation. 

Knehelite. — FeO,  MnO,  SiO*. — Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica.  (Dobereiner,  Schw,  2\,  41.) 


MnO 
FeO.. 
SiO^.. 


Knehelite. 
36        ....         35-30 
35         ....         34-31 
31         ....         30-39 


Dobereiner. 
350 
320 
32-5 


102 


10000 


99*5 


6.  Monosilicate, — a.  Sometimes  found  in  the  slag  of  the  blast-furnaces 
(partly  mixed  with  monosilicate  of  lime)  in  greenish,  often  transparent 
crystals  corresponding  to  those  of  Augite.  (Mitscherlich.) 

When  a  mixture  of  1  At.  SiO*  and  1  At.  Fe*0'  is  fused  for  an  hour 
in  a  charcoal  crucible,  iron  is  reduced,  and  a  slag  (a)  formed,  resembling 
the  slag  produced  towards  the  end  of  the  process  of  converting  cast  into 
wrought-iron;  composition  =  FeO,  SiO*  nearly.  The  iron  reduced  in  the 
process  is  not  pig-iron,  but  very  malleable,  partly  of  specific  gravity 
8-089;  the  ferrous  silicate  appears  therefore  to  prevent  the  combination 
of  carbon  and  silicinm  with  the  iron.-^By  fusion  for  several  hours  in  a 
blast-furnace,  more  iron  is  reduced  from  the  slag,  likewise  malleable  and 
containing  only  0*59  per  cent,  of  carbon,  together  with  a  trace  of  silicium; 
and  the  slag  b  has  very  nearly  the  composition  2FeO;3SiO'.  (Sefstrbm^ 
J,  techn,  Chim,  10,  178.) 


FeO. 

SiO«. 


Slag  a. 
35     ....     53-03 
31     ....     46-97 


Sefistrom.  Blag  b, 

.     51-2         2FeO   70     ....     4294 

.     49-6        3Si02  93     ....     57-06 


Sefstrdni.' 
.     4605 
.     53-95 


FeO,Si02    66 


100-00 


100-8        2Fe0,3Si02  163 


100-00 


100-00 


Pyromalite,  --  15(MnO,  SiO')  +  15(FeO,SiO*)  +  Fe'CP,  3Fe*0»,  3Aq.  % 
—Regular  six-sided  prisms^  the  lateral  edges  twice  truncated.     Cleavage 
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perpendicular  to  the  axis;  less  distinct  parallel  to  the  lateral  faces. 
8p.  gr.  3'081;  yellowish-brown  without,  ffreenish-yellow  within;  opaqua; 
yields  a  light  green  powder.  Before  the  blowpipe  it  assumes  a  black- 
brown  colour,  gives  off  vapours  of  water,  hydrochloric  acid,  and  sesqni- 
chloride  of  iron,  and  fuses  to  a  black  magnetic  globule.  Dissolves  readily 
in  borax,  exhibiting  the  reactions  of  manganese  and  iron — ^with  difficulty 
in  microoosmic  salt.  Dissolves  in  nitric  acid  with  separation  of  silica. 
(Hisinger,  Schw,  23,  63.)  Hydrochloric  acid,  after  long  digestion,  decom« 
posesMt  completely,  without  forming  a  siliceous  jelly.  (H.  Rose.) 

Hiriflger. 
QnQ  _^^  1*21 

isMno"!'.*.!!!!!"!    540-0    ,1    22-35        Z'Z        23-45 

ISFeO    525-0  ....  21-73  20*78* 

30SiO«  9300  ....  38-49  3585 

4Pe»0»  312-0  ....  12-91  12-34* 

3(Cl-0)   82-2  ....  3-40  2*91 

3HO 27*0  ....  1-12  ........  undetermined 

2416-2      ....     100-00 

c.  Six-fifths  SUicate, — Hornblende  rich  in  Iron, — a.  ArfvedsoniU. 
5(NaO;  CaO;  MgO;  MnO;  FeO).  6SiO».—tt':M= 123**  55'.  Fuses  even 
in  the  flame  of  a  candle;  boils  up  strongly  before  the  blowpipe,  and  yields 
a  black  magnetic  globule.  Not  soluble  in  acids  or  in  caustic  potash, 
(v.  Kobell,  J.pr.  Chem.  13,  3.) 

Kobell. 

At.  "Fnm.  Greenlaiid. 

NaO  4      ....  124-8      ....        8-77        8-00 

CaO   1       ....  28-0      ....        1-97        1-50 

MgO ....  ....                        0*42 

MnO ....  ....                       0-62 

FeO   15      ....  525-0      ....      3693        3612 

Si03  24      ....  744-0      ....      52-33        4927 

A1«0» ....  ....                       2-00 

V/i ....  ....  ....a...  U    ^4 

1421-8.     ....     100-00        98-17 

fi.  Aegyrine.—5{K0;  NaO;  CaO;  MgO;  MnO;  FeO),  6  SiOl— Re- 
sembles hornblende  in  outward  appearance.  Fuses  to  a  black  globule; 
forms  a  green  transparent  bead  with  a  large  quantity  of  borax,  and  a 
black  bead  with  a  still  larger  quantity.  With  microcosmic  salt  it  forms 
a  green  glass  and  a  skeleton  of  silica.  Dissolves  abundantly  in  carbonate 
of  soda,  forming  a  brown  opaque  bead.  Contains  titaniferous  iron  injected 
into  it.  (Plantamour,  J,  pr,  Chem.  24,  300.) 

*  Hisinger  found,  on  the  whole,  35-48  p.c.  aesquioxide  of  iron,  of  which,  howerer, 
he  supposed  that  the  greater  part  was  contained  in  the  mineral  in  the  form  of  protoxide. 
In  the  ahove  calculation,  ^  of  the  sesquioxide  found  by  Hisinger  is  reckoned  as  prot- 
oxide, and  the  remaining  ^  as  sesquioxide. 
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Flaiitamoiir. 

At. 

Eixnark. 

KO 

1 

47-2 
124-8 

•  •■• 

•  ••• 

2-54 
6-70 

2-96 

NaO  

4 

7-79 

CaO   

4 

112-0 

■  ••» 

603 

6-91 

MgO 

5 

1000 

•  ■■ft 

5-37 

5-88 

MnO 

1 

360 

•  ••• 

1-93 

207 

FeO    

....       12 

4200 

•  ••« 

22-56 

24-38 

SiO«  

...      30 

9300 

•  ••• 

49-96 

46-57 

A1«0» 

1 

51-4 

•  ••• 

2-76 

3-41 

TiO«  

1 

400 

•  ••« 

2-15 

202 

F    

•  ■•• 

•  •' 

trace 

1861-4 

•••ft 

100-00 

100-99 

If  from  the  27  atoms  of  the  stronger  base  there  be  deducted  1  At.  for  the 
titanic  acid  and  1  At.  for  the  alumina,  there  remains  25  At.  base  to  30 
At.  silicic  acid  ^5:6, 

d.  Five-fourths  Silicate. — KrohydolUe  oi  Blue  Ironstone. — {NaO;MgO), 
2SiO*-f  3(FeO,  SiO')  +  5  Aq. — Very  much  like  asbestus,  made  up  of  long 
and  soft  fibres;  sp.  gr.  3*20;  hardness  equal  to  that  of  fluorspar;  indigo- 
blue  in  the  mass;  lavender-blue  in  single  fibres.  When  gently  ignited 
out  of  contact  of  air,  it  gives  off  water,  diminishes  in  bulk,  and  becomes 
dull,  retaining,  however,  its  fibrous  texture.  When  heated  in  contact 
with  the  air,  it  becomes  red-brown,  and  then  brown-red,  but  if  afterwards 
heated  in  hydrogen  gas,  it  regains  its  former  aspect.  At  a  strong  red 
heat,  even  in  the  flame  of  a  spirit-lamp,  it  fuses  to  a  black,  swollen, 
strongly  magnetic  glass;  from  which  hydrogen  gas  with  the  aid  of  heat 
separates  metallic  iron.  With  borax  it  gives  the  reactions  of  iron.  Does 
not  dissolve  in  sulphuric,  hydrochloric,  or  nitric  acid,  either  cold  or  hot. 
(Stromeyer  &  Hausmann,  Sehw,  64,  50.) 


At. 

NaO  

2 

62-4 

6-88 

CaO  

MgO 

1 

20-0 

2-20 

Mn20»   

FeO    

9 

3150 

34-71 

SiO«  

...       15 
5 

465-0 
45-0 

51*25 

HO    

4-96 

Stromeyer. 

703 

to 

711 

0-02 

005 

2-32 

2-64 

0-17 

002 

33*88 

34-38 

50-81 

51-64 

5-58 

401 

907-4      ....     10000        99-81     „     99-85 

e.  QuadrosUicaU.'^ThQ  solution  of  protochloride  of  iron  in  less  than 
2500  parts  of  water  gives  a  greyish-green  precipitate  with  aqueous  quad- 
Tosilicate  of  soda.  (Walcker.) 


G.  Silicate  of  Ferric  Oxide,  or  Ferric  Silicate.— a.  MonosilicaU. 
— Iron-cinder  from  the  Himmelfahrt  mine  near  Freiberg. — Mn'0',SiO'-h 
Fe'O',  SiO'4-12  Aq. — Deposited  from  the  water  of  the  mine,  which  con- 
tains the  sulphates  of  ferrous  oxide,  manganous  oxide,  and  lime  with 
excess  of  acid,  and  has  probably  driven  out  hydrofluoric  acid  from 
fluorspar,  which  dissolved  the  quartz.  Of  stellate- fibrous  structure,  in- 
clining to  the  conchoidal;  sp.  gr.  2*28.  When  heated  it  gives  off  water, 
having  an  acid  reaction,  but  not  capable  of  etching  glass.  Water  extracts 
traces  of  sulphates  from  it.  Dissolves  quickly  in  hydrochloric  acid,  form- 
ing a  brown,  or  if  previously  heated,  a  yellow  solution,  with  evolution 
of  chlorine  and  separation  of  gelatinous  silica.  (Karsten,  J.  pr.  Ghem, 
22,  1.) 
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Mn»0»  

Fe»0»    

2Si02    

12HO   

80 

78 

62 

108 

....       24*32        

....       24*01         

....       18-84        

....       32-83        

25*01     to     26*54 
22*90     „     2100 
18-98     „      18*07 
33*00     „     32-82 

.  SesquisUieaU. — 
•H-4Aq.  (Kuhn, 

MgO  

5Pe»0>    

3A1'0>    

12SiO»    

16HO 

328      ....     10000        99-89     „     98*43 

TeUow    Earth    from   Amberg.— 2(FeH)';  Al 
Schw.  51,  466.) 

YeUow  Earth.                             KUhn. 
....                        1-38 

390*0               36*79        37*76 

154-2       ....       14*54         14*21 

3720      ....       3509         33-23 

1440       ....       13*68         13-24 

] 

L060-2       ....     100*00 

99*82 

c.  Bmlicate. — EisingerUe, — Fe*0',  2SiO'+4  Aq. — AmorpLous,  with 
an  uneven,  conchoidal  fracture.  Black,  but  produces  a  yellowish-brown 
powder  Gives  off  water  when  heated;  the  blowpipe-flame  rounds  it  off 
at  the  edges,  and  renders  it  dull  and  magnetic.  (Hisinger,  Fogg.  13,  505.) 
Hydrochloric  acid  decomposes  it,  with  formation  of  gelatinous  silica.  In 
the  analysis  of  Hisingerite  from  Bodenmais  (also  called  ThraulUe),  the 
admixed  magnetic  pyrites  was  deducted  by  Hisinger,  and  likewise  by 
Kobell.  {Fogg.  14,  467;  Schw,  62, 198.) 

Hi$ingerttf, 

Fe»0» 78     ...    44-32 

2Si02 62     ....     35-23 

4HO  36     ....     20-45 


Hisinger. 

Hiflioger.            KobeO. 

Siddftrhyttan. 

Bodemuis. 

45-95       .... 

51-53       ....       60*86 

36-30       .... 

31-78       ...       31*28 

20-70       .... 

2000       ....       1912 

176     ....  100-00         102-95       ....     103-31       ....     101-26 

In  the  mineral  from  Riddarhyttan,  Hisinger  found  44*39  per  cent.,  and 
in  that  from  Bodenmais,  49*87  per  cent,  of  Fe'O*,  which,  in  the  above 
analyses  is  reckoned  as  Fe*0^  Kobell  found  in  the  mineral  from  Boden- 
mais, 5-7  per  cent,  of  FcO,  which,  howevet,  he  supposed  to  arise  from  the 
presence  of  magnetic  pyrites.  This  perhaps  is  the  origin  of  the  excess  of 
ferric  oxide  over  the  silica,  which  is  apparent  in  the  analyses;  or,  on  the 
other  hand,  this  excess  may  arise  from  the  actual  composition  of  Hising- 
erite: if  that  be  the  case,  the  mineral  may  perhaps  be  represented  by  the 
formula :— 2Fe'0^  3SiOH  4  Aq  ,  analogous  to  Yellow  Earth, 

HhQ  OcJire  which  is  deposited  by  the  hot  spring  at  Lucca  on  exposure 
to  the  air,  probably  from  ferrous  silicate  contained  in  it,  and  which  dis- 
solves in  hydrochloric  acid  with  separation  of  gelatinous  silica,  contains 
fbesides  water  ?]  5717  p.  c.  ferric  oxide  to  42*86  silica.  (H.  Davy, 
Schw,  35,78.)  [Fe»0«,2SiO»  requires  55  71  p.  o.  ferric  oxide  to  44*29 
silica.] 

d,  Ter8ilicate.^N(mtronUe,—Ye^O^,9^\0^j^5K^, — Massive,  with  a 
splintery  or  earthy  fracture;  translucent  or  opaque;  varies  in  colour  from 
siskin-green  to  straw-yellow.  When  immersed  in  water,  it  gives  off 
bubbles  and  becomes  transparent.  Before  the  blowpipe  it  decrepitates, 
turns  yellow,  then  brown,  then  black,  and  acquires  magnetic  properties, 
but  without  fusing.  Insoluble  in  cold  acids,  but  soluble  in  hot  sulphuric, 
hydrochloric,  or  nitric  acid,  with  separation  of  gelatinous  silica.  (Berthier, 
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(Ann.  Chim,  Phys,  86,  22;  Jftcqaelain^  Ann.  Chm.  Fhyt.  66^  101; 
Biewatd,  J.  pr.  Chem.  11^  162.) 

NontrotUte,  fiertMer.        JacqneUun.         Biewend. 

At.  ^-  Pudou*         Montmort.        Andreasberg. 

vr&U     «  ...•  •••■  •>.•  ••••  V  XV  •!•<  uTnCC 

AAkV^     ■••■•••«■■••  ■•••  •••>  i««*  V     A  •••• 

^NLlll/      ..a.  ••••  ..■•  •■••  ••••  llttCO 

ZiOCI ...•  ••••  •■••  ••••  IraCC        •■•. 

Fe^O* 1     ....       78    ....     36-11       ....      29*0      ....      35-69      ....      37-30 

A-i  \J^ ••.  ...a  ....  ....  «J*D  ....  v'OL  .... 

SiO»   3     ....       93     ....     43-06       ....      44*0       ....       41-31       ....       41-10 

HO     5     ....       45     ....     20-83       ....       18-7       ....       18-63       ....       21-66 

CArv  1  •2 

216    ....  10000      ....      98-6      ....     100*00      ....      99*96 

e.  QuadroHUeate.-^Anlhosiderite, — ^Pe*0*,  4SiO*4-Aq  ? — Composed  of 
soft  fibres;  sp.  gr.  about  3*0;  gives  sparkis  with  steel;  ochre-brown, 
translucent  in  thin  fragments.  (Hausmann  &  Schnedermann^  Poffy> 
52,  292.) 

AnthoHderite,  Sdmedermanil. 

Fe?0» 78       ....       36-97         34-99 

4SiO  124       ....       68-77        60-03 

HO     9       ....        4-26        3-59 

211       ....     100-00        ~,        98-66 

When  qnadrosilicate  of  6oda  is  gradually  added  to  hydrochlorate  of 
ferric  oxide,  the  precipitate,  as  it  iorms,  is  immediatelj  rendissolyed,  with 
the  exception  of  a  small  quantity  of  silica,  and  the  liquid  acquires  a  dark 
colour.  On  evaporating  the  liquid,  a  red-brown  mass  is  left,  translucent 
at  the  edges,  and  exhioiting  a  conchoidal  fracture.  Water  causes  it  to 
decrepitate,  and  extracts  from  it  chloride  of  sodium,  together  with  the 
excess  of  ferric  chloride,  while  ferric  silicate  is  left  behind  in  the  form  of 
a  light  yellowish-brown  powder,  from  which  hydrochloric  acid  extracts 
the  whole  of  the  ferric  oxide. — ^With  excess  of  tersulphate  of  ferric  oxide, 
quadrosilicate  of  soda  gives  a  precipitate  only  on  boiling,  but  if  the  latter 
salt  is  in  excess,  the  mixture  solidifies  in  24  hours.  (Walcker,  i^.  Quart. 
J.  ofSc,  3,  371.) 

Silicate  of  Ferric  Oxide  with  Carbonate  of  Potash. — Btbasic, — Glauber^a 
Iron-tree, — When  a  piece  of  perfectly  dry  protochloride  of  iron  is  im- 
mersed in  soluble  silica  (obtained  by  fusing  1  pt.  quartz  and  3  pts. 
carbonate  of  potash,  and  dissolving  the  fused  mass  in  water)  thin,  white, 
ribbon-shaped  and  thread-like  columns  or  branches  immediately  rise  from 
it  to  the  surface  of  the  liquid,  and  there  form  a  kind  of  canopy;  their 
colour  is  first  green,  and  then  brown,  and  they  may  be  preserved  if  the 
liquid  be  carefully  poured  off"  from  them.  (R.  Bottger,  J,  pr,  Chem. 
10,  60.) — Protochloride  of  iron  forms  white  branches  which  rise  perpen- 
dicularly, and  after  awhile  turn  green,  then  black,  and  lastly  red  by 
oxidation.  Sesquichloride  of  iron  forms  red  branches.  Green  and  blue 
vitriol  likewise  form  trees.  At  the  top  of  each  branch  is  situated  a 
gas-bubble,  which,  as  it  rises  through  the  liquid,  carries  the  iron-salt 
along  with  it.  If  the  gas-bubble  be  removed,  the  growth  of  the  branch 
is  arrested.  A  large  gas-bubble  produces  a  thick,  hollow  branch  termi- 
nating in  a  hemispherical  summit.     If  a  fresh  gas-bubble  carries  an 
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additional  qnantity  of  iron-salt  up  tbroogh  the  hollow  tnbe,  the  ^"^^ 

then  breaks  through  the  summit  and  fiUs  the  whole  liquid  with  crooked 

threads  which  spread  out  into  a  fflobe  filled  with  gas.     In  the  following 

table^  a.  gives  the  composition  of  the  iron-tree  obtained  with  protochlonde 

of  iron  previously  heated  till  it  began  to  turn  red;  h,  that  formed  by 

protochlonde  which  had  remained  white;  and  c.  that  produced  by  the 

sesquichloride,    after    previous    trituration    and    washing  with   water. 

(Mulder,  J.  pr.  Chan.  22,  41.) 

Mulder. 


«.  b.  c. 

6Fe*0» 4680    ....    66-91      ...       67-0  ....     67-2    ...  66-7 

3SiO«    930     ...     13  30      ....       12-7  ....     137  13-« 

2KO     94-4     ...     13-50      ....       13-7  ....                   •  If  J 

2CO'    440     ....       6-29      ...         66     .... ^'^ 

3(2Fe«0»,SiO*)  +  2(KO,CO»)     699*4     ....  10000      ....     1000     ...  •  •  ^^'^ 

The  carbonic  acid  was  determined  merely  by  loss.     Mulder  regards  the 
compound  as  silicate  of  potash  combined  with  carbonate  of  ferric  oxide. 

0,  With  4  At.  acid. — The  precipitate  formed  with  solution  of  silica 
and  hydrochlorate  of  ferric  oxide  contains  25*3  p.  c.  ferric  oxide,  45 "3 
silica^  21  1  potash,  and  9-9  carbonic  acid.  (Mulder.) 

Double  Silicates  containing  Ferric  Oxide  and  Alumina  on  the  one 
hand,  and  Ferrous  Oxide  and  others  of  the  stronger  bases  on  the  other. 

Chamoisite.—2(5¥eO, SiO«)  +  AlK)',  3SiO*  + 1 2 Aq.— Massive;  fracture 
granular,  uneven,  or  earthy;  sp.  gr.  from  3*0  to  3-4;  dark  greenish-grey; 
magnetic.  When  heated,  it  gives  off  water,  becomes  more  strongly 
magnetic  and  turns  bkck,  or  S  the  air  has  access  to  it,  reddish.  Dis- 
solves readily  in  hydrochloric  acid  with  separation  of  gelatinous  silica, 
bkckened  by  asphalt.  (Berthier,  Schw.  33,  345.) 

Bertbier. 
Chmunnte.  Vtom  Chamotfin. 

lOFcO  350-0       ....       58-10         60-5 

Al-0» 51-4       ....         8-53         7-8 

3SiO« 93'0       ....       15-44         14*3 

12HO    1080       ....       17-93         17-4 


602-4       ....     100-00         100-0 


Peorore  or  Lenticular  Grey  Iron-stone  from  the  Albinirer  pit  near 
Kandeme.— 10FeO,3SiO»+APO»,SiO»-h5Aq?^Nodule8  having  a  dia- 
meter varying  from  1  line  to  2  inches,  splitting  off  in  thin  scales;  sp.  gr. 
31;  dingy  olive-green  inclining  to  yellow.     Dissolves  slowly  but  com- 

Iw^iZ,  Z:^'C2lTf  ^^^'"^  ^^^^-^^^  "^^-  -^-   evaporated. 

CaOandMnO....                ^'^''^'  ^    Walchner. 

lOFeO  11HA.A  /.,  —         tnce  trace 

4Si02  lilt         •■       ,?  •»         8S8      ..         8-46 

5HO    ...    tto      ""         lit        *"■**      ••      21-66 

-linr:        ^O      •  7-89        818      ..        7-92 


570-4      ....     100-00         ~.         99-22      „    100-48 

i(3Fto%SU'AW.s1^+5A^  ""''^    *^«  »'^»y«»    «    the    formula 
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5'^i7pno«K?/a«e— 9(FeO,SiO«)  + Al*0^3SiO«4- 7 Aq.— Laminar;  sp.  gr. 
from  3  0  to  3  "4;  lustrous,  raven -black,  yields  a  greenish-black  powder. 
Gives  off  ammoniacal  water  when  heated;  fuses  with  difficulty  before  the 
blowpipe,  into  a  black,  shining  globule;  gives  the  manganese  reaction 
with  carbonate  of  soda;  dissolves  completely  in  borax,  exhibiting  the  iron 
reaction,  and  in  microcosmio  salt,  with  separation  of  a  siliceous  jelly. 
Dissolves  but  incompletely  in  hydrochloric  acid  even  when  warm  and 
concentrated.  (Rammelsberg,  Pogg*  43,  127.) 

Siilpnomelane,  Rammelsberg  (mean). 

KO,  with  trace  of  NaO....  ....  0*75 

CaO ....  0-52 

MgO   20-0  ....  2-54  2-39 

8FcO  2800  ....  35-60  36-04 

A120» 51-4  ....  6-54  6-75 

12SiO« 372-0  ....  47-31  45-02 

7H0   63-0  ....  8-01  r-96 

786-4       ....     100-00        99-43 

GedriU.—S¥eO,  6SiO'  + APO*,  SiO'+ Aq  ?— Fibrous,  somewhat  lami- 
nar; sp.  sr,  3*26;  violet-brown,  with  semi-metallic  lustre.  Fuses  readily 
to  a  black  slag;  forms  a  blackish-green  glass  with  borax.  Not  attacked 
by  acids.  (Dufrenoy,  J,  pr.  Chem.  11,  132.) 

Gedrite, 

CaO  

MgO 20-0  .... 

7FeO 245-0  .... 

AFC 51-4  .... 

7Si02 2170  .... 

HO    9-0  .... 


Dufrenoy. 

0-67 

3-69 

4-13 

4517 

45-83 

9-47 

9-31 

4001 

38-81 

1-66 

2-30 

542-4       ....     10000         101-05 

/^itaiitf.— 2(2FeO,SiO*)  +  Fe^O»,SiO«;  or  more  exactly,  4(2FeO,SiO'»)  -h 
2(2CaO,SiO»)  +  3(Fe*0',SiO«).— Crystalline  system  the  right  prismatic. 
Fig.  54,  62  (without  the  jp-face),  and  other  forms;  u^:u  (Fig.  62)  = 
112^36';  a:u=zl2S'*  29'.  (Hauv.)  Sp.  gr.  3-9  to  4-0;  harder  than 
apatite;  opaque,  with  semi-metallic  lustre;  greyish-black.  Fuses  easily 
before  the  blowpipe,  and  forms  a  black  magnetic  bead.  Dissolves  with 
the  iron  reaction  in  borax  and  in  microcosmic  salt,  in  the  latter  with 
separation  of  a  siliceous  skeleton.  Dissolves  easily  and  completely  in 
warm  hydrochloric  acid,  forming  a  jelly. 


At. 

IltaiU 

» 

• 

CaO  

4 

112 

12-37 

MnO 

FcO   

8 

280 

30-94 

Fe20» 

3 

234 

25-86 

APO» 

SiO»  

9 

279 

30-83 

HO    

romeyer. 

Rammelsberg. 

(mean). 

13-78 

11-26 

1-59 

1-51 

31-90 

32-63 

23-00 

22-78 

0-61 

29-28 

29-46 

1-27 

1-60 

905     ....  10000        101-43         ....        99-24 


In  Stromeyer*s  original  analysis,  the  whole  of  the  iron  was  estimated  as 
protoxide,  which  amounted  to  52-14  per  cent.  Kobell  found  that  the 
mineral  contained  23  per  cent,  of  ferric  oxide,  and  Stromeyer's  analysis, 
given  in  the  preceding  table,  is  calculated  accordingly. 
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CranstediUe.  —  3PeO,  SiO«  +  PeH)»,  SiO« + 3 Aq  ?  —  Regolar  aix-wded 
prisms  {Fiff.  135);  deayage  Tcry  distinct  paraUel  to  p,  less  di^"*^ 
parallel  to  «/  sp.  gr. =3*348;  softer  than  calcspar;  opaque,  ^^^^'f^^' 
powder  greyish-green;  non-magnetio.  Before  the  blowpipe,  it  frotna  a 
little,  without  melting;  but  in  the  oxy-hydrogen  flame,  it  melts  to  a 
black-brown  globule;  with  borax  it  forms  a  black  bead.  Diasolyee 
readily  in  dilute  sulphuric  or  hydrochloric  acid,  forming  a  solution  which 
becomes  gelatinous.  (Steinmann,  Schto.  32,  69.) 

Steinmmiiii.  Kobdl. 


At. 

Omttredtiie. 

MgO 

1 

20    ....      3-78 

MnO 

FcO    

5 

175     ....     33-08 

Fe20» 

2 

156     ....     29*49 

SiO«  

4 

124     ....     23*44 

HO    

6 

54      ...     10-21 

Exp.  1. 

Exp.  2. 

5-08     .... 

3-25 

2*89     .... 

3-82 

58-85     ... 

57-61     .... 

27-11 

••■• 

35-36 

22-45     ... 

22-83 

10-70     ... 

10-70 

529     ....  10000         99-97      ...     98*21 

Stoinmann  calculated  all  the  iron  as  protoxide.  Kobell  found  35'35  p.  c. 
ferric  oxide,  according  to  which,  in  Steinmann's  first  analysis,  there 
remains  27*11  ferrous  oxide. 

TTi^jA^yn.— 3(FeO,SiO«)  +  Al»0»,3SiO»;  or  more  completely,  3(NaO; 
CaO;  MgO;  FeO),  3SiO»  +  l(APO',  Fe*0»),  3SiO*.— Its  composition  is 
therefore  analogous  to  that  of  felspar.  It  has  two  cleavage-planes  which 
cut  one  another  almost  at  a  right  ansle;  sp.  gr.  3*03;  scratches  glass; 
black.  Forms  a  black  b«id  before  the  blowpipe,  and  a  bottle-green  glaas 
with  borax.  Not  attacked  by  hydrochloric  acid.  (Laurent,  Ann.  Chitn. 
Phys.  59,  109.) 


WieJUyn. 

Laurent. 

2NaO    

62-4 

3-13 

3-5 

5CaO    

140-0 

702 

6-0 

3MgO   

600 

3-01 

3-0 

8FeO 

2800 

1405 

13-0 

Fe^Qs 

78-0 

3-92 
12-88 

4-0 

5A120*  

2570 

13-3 

36Si03  

11160 

55-99 

56-3 

1993-4         ....       10000         99-1 


iicA»iite.— NaO,  2SiO' + FeO,  SiO« + Fe*0«,  3SiOM— Crystalline  system 
the  right  prismatic.  Fig,  66,  but  without  the  y-faces,  and  without  the 
small  faces  between  a  and  t ;  the  acumination  is  likewise  much  sharper. 
« :w  =86°  5^;  u  :  <=133*'  28';  u  :  m=136^  32'.  (Mitscherlich.)  Cleavage 
parallel  to  u,  less  distinct  parallel  to  m  and  t.  Sp.  gr.  3*24;  scratches 
glass.  In  thin  fragments  it  is  translucent  and  exhibits  a  yellowish-brown 
colour;  on  the  outside  it  is  brown-black  or  red-brown;  blackish  or  dark 
greyish-CTcen  on  the  fractured  surfaces.  Before  the  blowpipe,  it  fuses 
into  a  black  bead.  (Strom,  Schuf.  37,  201.) 


At  Aehmite. 

NaO  1     ....       31-2     ....       9-45 

CaO  

MnO 

FeO   1     ....       35-0     ....     10-60 

Fe^O' 1     ....       78-0     ....     23-62 

SiO*  6     ....     I860     ....     56-33 

TiO*  

Water    


StriSm. 

Beradhifl. 

KobelL 

9-74 

•  «■« 

10-40 

«••• 

0-72 

•  •■• 

108 

34-44 

•  »•  • 

31-25 

' 

54-27 

•  *  •  • 

55-25 

trace 

•  •«■ 

trace     ....      3*25 

1-88 

330-2     ....  100-00        100-33     ....     93-70 


OTTRELITE,  CHLORITE-SPAR,  LEPIDOMELANE,  PINGUITE.      2*7 

Strom  and  Berzelins  assume  that  all  the  iron  in  Aohmite  is  in  the  state 
of  ferric  oxide;  bat  according  to  Kobell,  the  greater  portion  is  in  the  state 
of  ferrous  oxide. 

0«rgZife.— 3QFeO,SiO')  +  2APO»,  3SiO»  +  3 Aq.— Fuses  with  difficulty 
in  the  blowpipe  flame  at  the  edges,  yielding  a  black  magnetic  glass. 
When  fused  with  carbonate  of  soda,  it  exhibits  the  manganese  reaction, 
and  with  borax  the  iron  reaction.  Not  decomposed  by  any  acid  except 
heated  sulphuric  acid.  (Damour.) 


Damour. 

OUreliie, 

Ytooh  Ottrez. 

MnO  

360 

•  ■  ■  • 

8-54 

8*03    to      6-18 

2FeO  

70-0 

•  ■•« 

16-59 

16-81     „     16-72 

2A120*    

102-8 

•  !•■ 

24-37 

23-89     „     24-63 

6SiOa 

186-0 

•  ••  • 

44-10 

43-52     „      43-34 

3HO  

27-0 

•  ■  ■  • 

6-40 

5-63     „       5-66 

421-8 

■  •■  • 

100-00 

97-88     „     98-53 

(7A^W^-«par.— 2FeO,SiO»  +  2 APO',SiO«.  —  Becomes  darker  before 
the  blowpipe,  and  afterwards  red-brown,  but  without  fusing;  exhibits 
traces  of  manganese  when  fused  with  carbonate  of  soda.  Dissolves  in 
borax  forming  a  dark  green  bead.  Microcosmic  salt  dissolves  it  slowly 
but  completely,  without  leaving  a  siliceous  skeleton,  and  forms  with  it  a 

flass  coloured  by  iron  while  hot,  but  colourless  when  cold.  Not  soluble  in 
ydrochloric  acid.  Hence  the  mineral,  previously  to  analysis,  may  be 
freed  from  ferric  oxide  and  alumina  by  digestion  in  hydrochloric  acid. 
(Erdmann,  J.  pr.  Chem,  6,  89.) 

Erdmann. 
Chlorite-spar.  From  Kosoibrod. 

2FeO  70-0       ....       2981         30-05 

2A120' 102-8       ....       43-78         45*02 

2SiO»  62-0       ....       26-41         24*93 

234-8       ....     100-00         ~..       10000 

Lepidomelane.  —  (KO;  FeO),  SiO*  +  (Fe*0»;  APO*),  SiO»;  or  more 
exactly .  4(K0,  SiO^  +  7(FeO,  SiO»)  +  7(  Fe*0^  SiO»)  +  4(AP0^  SiO»].— 
Raven-black,  shining,  opaque,  micaceous,  crystalline  scales,  united  in 
granulo-laminar  masses:  sp.  gr.  3-00.  Before  the  blowpipe  it  acquires  a 
pinchbeck-brown  colour,  and  fuses  to  a  black  magnetic  Dead;  dissolves 
in  borax,  forming  a  green  glass.  Hydrochloric  acid  dissolves  it,  with 
separation  of  silica  in  the  form  of  the  crystalline  scales  of  the  mineral. 
(Wohler  &  Soltmann,  Fogg.  50,  664.) 


At. 

Lepidomel 

one. 

Soltmans. 

KO    

4 

...       188-8 

10-11 

9-20 

CaO.MgO 

*  •  f 

0-26 

FcO   

7 

...       245-0 

1312 

12-43 

Fe«0» 

7 

...       546-0 

29-19 

27-66 

ATO' 

4 

....       205-6 

11-01 

11-60 

SiOS  

..     22 

....       682-0 

36-57 

37-40 

HO    

.... 

0-60 

1867-4 

100-00 

9915 

PinguiU, — FeO,2SiO«  +  2(Fe'*0^  2SiO*)  + 1 4 Aq  ?  —  Resembles  Bole, 
Fracture,  conchoido-splintry;  sp.  gr.  2*315.  Very  soft;  greasy  to  the 
touch;  does  not  become  softer  by  immersion  in  water.  Has  a  faint 
waxy  lustre,  and  a  siskin-green  colour.   (Breithaupt,  Sckw.  55,  303.) 
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When  heated,  it  gives  off  water  aod  becomes  black-brown;  before  the 
blowpipe  it  fuses  at  the  edges  only.  With  carbonate  of  soda  it  fuses  to  a 
black  slag.  Dissolves  in  borax,  exhibiting  the  iron  reaction,  and  in 
niicrocosmic  salt,  with  separation  of  a  skeleton  of  silica.  Warm  hydro- 
chloric acid  decomposes  it  readily,  with  separation  of  pulverulent  silica, 
which  does  not  lose  the  greenish  colour  of  the  mineral  till  it  has  beea 
digested  with  hydrochloric  acid  for  a  considerable  time.  (Karsten^  Sckw. 
QQ,  9.) 


Karsten. 

At 

PinffuUe. 

Wolkeiutdii. 

CaO  

MgO 

0-45 

Mn«0»  

0-15 

FeO  

1 

35 

6*96 

610 

Fe*0» 

2 

156 

3101 

29-50 

AlW 

1-80 

SiO»  

6 

186 

36*98 

3690 

HO    

14 

126 

2505 

2510 

503 

10000 

10000 

Glass-fluxes  containing  Ferrous  and  Ferric  Oxide, — Ferrons  oxide 
imparts  a  bottle-green  colour  to  glass.  Glass  coloured  with  ferric  oxide  is 
blood-red  while  hot,  yellowish  after  cooling. 

D.  Carbide  of  Silictum  and  Iron. — Berzelius  {Gilh,  36,  89}  and 
Stromeyer  {Gilh,  38,  321)  obtained  this  compound  by  heating  a  mixture 
of  silica,  iron  and  lamp-black  to  intense  whiteness. — Stromeyer  obtained 
five  varieties :  a.  Platinum-coloured,  lami no-granular,  superficially  crys- 
talline,  brittle. — 6.  Tin-white,  having  the  texture  of  cast-iron,  brittle. — 
c.  Silver-white,  compact  and  granular,  brittle. — d.  Steel-coloured,  sus« 
ceptible  of  polish,  as  hard  as  steel,  of  coarse  steel-like  texture,  subdnctile. 
— e.  Steel-coloured,  susceptible  of  polish,  as  hard  as  steel,  very  fine- 
grained, perfectly  ductile. — The  densities  of  these  varieties  were  between 
6*8  and  7 '3  inclusive. — Berzelius  obtained  an  alloy,  which,  when  dissolved 
in  hydrochloric  acid,  yielded  19  per  cent,  of  silica,  and  yet  was  malleable 
and  very  soft. 

h,  c.  d,  e. 

87-4  ....  91-2  ....  95-2  ....  96-2 

80  ....  5*7  ....  30  ....         2-2 

4*6  ....  3-1  ....  1*8  ....         1-6 

1000      Z     1000      Z.     1000      Z.     100*0      Z    loo-o 

Acids  dissolve  the  iron  and  leave  a  black  substance  of  unaltered  form, 
which  turns  white  on  ignition  in  the  air,  and  if  then  again  treated  with 
acids,  gives  up  a  fresh  portion  of  iron,  previously  enveloped  in  the  carbon. 
The  ultimate  residue  consists  of  gelatinous  silica.  (Stromeyer.) 

E.  pROTOFLuoRiDE  OP  Iron  AND  SiLiGiuM. — PeF,SiF*. — Formed 
when  a  solution  of  iron  in  hydrofluosilicic  acid  is  left  to  evaporate  in  an 
iron  dish  and  exposed  to  the  air.  Pale  bluish-green,  regular  six-sided 
prisms,  which  may  be  derived  from  a  rhombohedron.  Easily  soluble  in 
water.  (Berzelius.) 

P.  Sesquifluoride  op  Iron  and  Silicium. — Fe'P,3SiF*. — The 
slightly  coloured  solution  of  hydrated  ferric  oxide  in  terhydroflnate  of 


a. 

Fe 

85*3 

Si  

9-3 

C    

5-4 
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silica  yields,  when  evaporated,  a  yellowish  jelly,  and  then,  after  complete 
drjring,  a  semi-transparent,  gummy  mass,  which  dissolves  in  water  without 
residue.  (Berzelius.) 

Iron  and  Titanium. 

A.  TUanide  of  Iron  f — Iron  appears  not  to  be  capable  of  taking  up 
more  than  a  small  quantity  of  titanium,  inasmuch  as  the  latter  metal 
separates  from  the  cast-iron  in  the  blast-furnaces  (III,  466).  Vauquelin 
&  Hecht,  on  fusing  these  metals  together,  likewise  obtained  a  grey  metal 
dotted  with  yellow  specks. 

B.  TiTANATE  OF  Ferrous  Oxide,  or  Ferrous  Titanate.  —  The 
different  varieties  of  Titaniferotu  Iron  crystallize,  either  in  acute  rhombo- 
hedrons,  or  in  regular  octohedrons,  or  (if  they  contain  much  titanic  acid) 
in  square  prisms,  like  those  of  rutile.  Sp.  gr.  4 '5... 4*8.  Hardness 
between  fluorspar  and  felspar.  Opaque,  of  a  dark  iron-black  colour; 
sometimes  strongly,  sometimes  feebly  magnetic,  sometimes  non-magnetic. 
Infusible,  or  difficultly  fusible,  before  the  blowpipe ;  forms  a  dark  green 
glass  with  borax,  and  a  dark  red  glass  in  the  inner  flame  with  microcosmic 
salt.  When  flnely  pounded,  it  dissolves  in  strong  hydrochloric  acid, 
nothing  remaining  undissolved  but  titanic  acid,  mechanically  mixed  with 
it  in  the  form  of  rutile.  The  solution,  when  diluted  with  a  large  quantity 
of  water  and  boiled,  deposits  the  titanic  acid  previously  combined  with  the 
ferrous  oxide.  When  titaniferous  iron  is  heated  to  redness  with  several 
times  its  weight  of  chloride  of  calcium,  sesquichloride  of  iron  is  given  off 
in  vapour ;  water  dissolves  out  chloride  of  calcium  and  protochloride  of 
iron  from  the  fused  mass,  and  leaves  a  mixture  of  titanate  of  lime  and 
titanate  of  ferric  oxide.  When  titaniferous  iron  is  heated  to  redness  with 
chloride  of  calcium  and  charcoal  powder,  the  whole  of  the  iron  which  does 
not  escape  with  the  chlorine,  appears  to  be  reduced  to  the  metallic  state; 
for  the  fused  mass  dissolves  in  hydrochloric  acid,  with  rapid  evolution  of 
hydrogen  gas  and  separation  of  a  red-brown  powder,  consisting  of  titanic 
acid  of  the  rutile  variety.  (Wbhler  &  Liebig,  Fogg.  21,  578;  also  Ann. 
Pkarm.  34,  135.) 

a.  Ilmenite. — FeO,TiO*  with  variable  quantities  of  Fe*0'.  Acute 
rhombohedrons  {Fig.  151),  with  the  angles  of  iron-glance.  (G.  Rose,  Fogg. 
9,  286.)     Sp.  gr.  4-765  (Kupffer);  4780  (BreithauptV 

FeO,TiO'  crystallizes  in  acute  rhombohedrons,  the  same  as  those  of 
Fe^O'  in  iron-glance;  the  two  minerals  appear  therefore  to  be  isomorphous. 
Iron  and  titanium  crystallize  in  forms  belonging  to  the  regular  system; 
it  may  therefore  l>e  assumed  that  monotitanate  of  ferrous  oxide 
=FeO,TiO'=Fe,Ti,OS  is  isomorphous  with  Fe*0»=Fe,Fe,0'.  This 
explains  why  FeO,TiO'  so  often  occurs  mixed  with  very  variable  quan- 
tities of  Fe'CJ*.     (Mosander.) 

Mosandert 
At.  Ilmenite.  a. 

MgO ....  ....  1-14 

MnO ....  ....  2'73 

FeO  ^..      8      ....      280      ....        41*3        37-86 

Ti03 8       ....       320       ....        47-2         4692 

Fe»0» 1       ....         78       ....         11-5         10-74 

678       ~       1000         ZZ         99-39 
VOL.  v.  U 
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At. 


H.Rose. 

6. 


CaO  . 

MgO 
MnO. 
FeO   . 
Ti02  . 

Fe^OV 
Cr-03 

SiO« 


6 
6 

1 

210 
240 

78 

3977 
45-46 
14-77 

42-70 
43-73 
13-57 


c. 

0-96 

2-30 

0-21 

27-23 

39*04 

2916 

012 

0-31 


528 


10000 


100-00 


99-33 


a.  is  Ilmenite,  from  the  Ilmengcbirg.^.  TitaniferoBS  Iron  from 
Egersund. — c.  the  same ;  sp.  gr.  4*745  ;  magnetic  here  and  there ; 
rounding  off  at  the  edges  in  the  blowpipe-flune ;  composed  of 
3(FeO,TiO»)+Fe«0»,  nearlj: 


At. 


CaO  . 
MgO. 
FcO  . 

TiO«  . 
Fe20». 
Si03  . 


1 

■  ••# 

85 

1 

•  ••• 

40 

1 

««•« 

78 

22-87 
2614 
50-99 


MoBandtf. 

a. 

0-33 

0-68 

19-91 

2419 

5301 

117 


153 


100-00 


99-29 


MgO. 
FcO  . 
Ti02  . 
Fe^OS. 
SiO*  . 


At. 


2 

70 

12-96 

2 

80 

14-82 

3 

390 

72-22 

KobelL 

b. 

0-80 

10-04 

1416 

75-00 


Plantamoiir. 
c 

11-32 
15-56 
71-25 
1-87* 


540 


10000 


100-00 


100-00 


d.  is  Titaniferons  Iron  from  Arendal,  onlj  partlj  magnetie.— ^.  Tita- 
niferous  Iron  from  the  Spessart.  Sp.  gr.  4*78;  ma^etically  attractiye 
in  lumps,  but,  in  the  state  of  powder,  it  is  not  even  attracted  by  the 
magnet. — c.  is  Titaniferous  Iron  from  Uddevalla,  slightly  magnetic; 
when  urged  by  a  strong  blast,  it  fuses  into  a  steel-grey  bead,  the  ferric 
oxide  being  reduced  to  ferroso-ferric  oxide.  When  ignited  in  a  current 
of  hy-drogen  gas,  it  gives  off  24*55  p.  c.  oxygen,  with  traces  of  fluoride  of 
silicium  :  the  number  1-87  under  c.  in  the  last  table  includes  fluorine  and 
loss,  besides  silica. 

Crichtonite  appears  also  to  be  allied  to  Ilmenite. 

/3.  Kibdelophane,  or  Titaniferous  Iron  from  Gastein. — Crystals  having 
the  form  of  Iron-glance  and  Ilmenite;  Fig,  151;  r^  :  r*=86^;  rM  r*  or  ?•* 
=  94''.  Cleavage  parallel  to  p,  less  distinct  parallel  to  r.  Hardness 
between  fluorspar  and  felspar.  Sp.  gr.  4-66.  Slightly  magnetic.  (Mohs.) 
It  is  remarkable  that  FeO.TiO'  and'2FeO,3TiO*  should  exhibit  the  same 
crystalline  form.  (Kobell,  JSckw.  64,  245.) 


MnO.. 
FeO.. 
TiO'\. 
FeO» 


At. 

14 

21 

1 


Kibdelophane. 


490 

840 

78^ 

1408 


34-80 

59-66 

5-54 

100-00 


"•»•••• 


Kobell. 

1-65 
3600 
5900 

4-25 

100-90 
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y.  Bcuanomelane,  or  the  Iron^roses  (EUenroien)  from  Switzerland. 

At.  Basanomelane,  Kobell. 

FeO 1  ....        35      ....        4-73  5-01 

TiO« 2  ....         80       ....       10-83  966 

Fe»0»    8  ....  624       ....       84-44  8533 


739       ....     100-00        10000 


Analyses  of  titaniferoas  iron^  which  do  not  admit  of  stoichometric 
calculation,  because  the  proportion  of  protoxide  to  sesquioxide  of  iron  in 
them  has  not  been  correctly  determined. 


a. 

b. 

c. 

d. 

«. 

/. 

MnO. 

4-5     .... 

1-6     .... 

2-6     .... 

0-5     .... 

1-00 

•  ■  ■ « 

FeO  + 

Fe^QS. 

82-0     .... 

79-2    .... 

79-0     .... 

85-5     .... 

63-74 

....     72 

Ti02. 

126     .... 

14-8     .... 

15-9     .... 

14-0     .... 

33-00 

....     28 

APO*. 

0-6     .... 

0-8     .... 

1-0     .... 

.... 

2-00 

•  •  ■  • 

99-7     .... 

96-4     .... 

98-5     .... 

1000     .... 

1. 

99-74 

....  100 

MnG 

) 

....       0-25 

....          £ 

FeO 

+  Fe»0».... 

....     49-88 

....     49 

....     61-00 

....     14 

Ti02 

....     60-12 

....     40 

....     45-25 

....     84 

SiO» 

....       3-50 

APOS 

....     11 

10000     ....  100     ....  10000     ....  100 

a.  TUaniferous  Iron  from  Poy  a  Velay.  (Cordier.) 

b.  From  Teneriffe.  (Cordier.) 

c.  From  Niedermennich.  (Cordier.)     a.  to  c,  octohedral. 

d.  From  the  sea-sand  of  the  coast  of  Finland.  Attracted  by  the  mag- 
net    Sp.gr.  4-545.  (Klaproth.) 

€.  From  the  sea-sand  at  Wamemiinde  on  the  Baltic.  Attracted  by 
the  magnet.     Sp.  gr.  3153  H]  (Mohl.) 

/.  /serine,  from  the  Vale  of  the  Iser.  Sp.  gr.  4*545.  Some  grains 
of  this  mineral  are  strongly  magnetic;  some  slightly,  others  not  at  all. 
(Klaproth.)     Octohedrons. 

g.  The  same.  (H.  Rose.) 

A.  J/enoccam^f,  from  Cornwall.     Square  prisms.  (Cheneyhc.) 

i.  The  same.  (Klaproth.) 

k.  NigrinCy  from  Ohlapian.  Sp.  gr.  4*45.  Not  fusible  before  the 
blowpipe.  Square  prisms,  of  a  reddish-black  colour,  translucent,  and 
exhibiting  a  blood-red  colour  at  the  edges.  (Klaproth.) 

The  octohedral  varieties  of  titaniferous  iron  should  perhaps  be  regarded 
as  magnetic  iron  ore,  Fe^O*,  in  which  a  portion  of  the  iron  is  replaced  by 
titanium.  This  view  is  supported  by  the  following  analysis,  by  Ram- 
meisberg {Pogg,  53,  129),  of  the  so-called  magnetic  iron-ore  in  the  basalt 
of  Uskel :  for, 

4FeO,2Fc20»,Ti02  =  8Fe  +  Ti+120  =  9  Metal:  12  Oxygen  =3:4. 

The  same  formula  probably  belongs  to  the  analyses  a,  6,  c.  in  the  pre- 
ceding table,  whereas  iserine  is  probably  2FeO,TiO^  which  would  require 
it  to  contain  63*63  p.  c.  ferrous  oxide  and  36 '36  titanic  acid.  (Gmeliu.) 


4Fco  ....;■ 

2¥f?Cfi   

TiO*  

140 

156 

40 

•  ■  ■■ 

41-67 
46-43 
11-90 

Rammeisberg. 
39-16 
48-07 
11-51 

386 

•  ••• 

10000 

98-74 
u2 
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C.  Titan  ATE  of  Ferric  Oxide,  or  Fkrric  Titan  ate. — ^When  finely 
pounded  titan iferous  iron  is  very  strongly  ignited  with  several  times  its 
weight  of  chloride  of  calcium,  and  the  fused  mass  freed,  first  from  chloride 
of  calcium  and  chloride  of  iron  hy  digestion  in  water,  and  then  from 
titanate  of  lime  by  strong  faydrocliloric  acid,  titanate  of  ferric  oxide  is 
left  behind,  in  the  form  of  long,  thin,  opaque,  non-magnetic  needles, 
having  a  dark  steel-blue  colour  and  strong  lustre.  They  dissolve  readily 
in  red-hot  melted  bisulphate  of  potash,  forming  a  yellow  liquid,  which, 
after  solidification,  dissolves  perfectly  in  water.  The  crystals  suflTer  no 
alteration  by  ignition  in  air  or  chlorine  gas,  or  by  boiling  with  oil  of 
vitriol  or  strong  hydrochloric  acid.  (Wohler  &  Liebig,  Fogg.  21,  578.) 

D.  Bifluoride  of  Titanium  with  SBsauiFLuoBiDs  of  Iron. — The 
yellow  aqueous  mixture  of  the  two  salts  yields,  by  spontaneous  evapora- 
tion, a  yellow  syrup,  and  then,  by  evaporation  at  a  gentle  heat,  a  pale 
yellow,  crystalline  mass  of  salt,  which  is  decomposed  on  being  again  dis- 
solved in  water.  (Berzelius.) 

Iron  and  Tantalum. 

A.  Tantalidb  of  Iron. — Formed  by  igniting  tantalic  oxide  with 
iron  filines  in  a  charcoal  crucible.  Imperfectly  fused  metal,  resembling 
cast-iron,  but  not  crystalline  at  the  fracture.  Scratches  glass ;  brittle,  but 
difficult  to  break  in  pieces;  yields  a  dark  brown  powder.  Hydrochloric 
acid  slowly  extracts  the  iron  from  it,  leaving  the  tantalum  in  the  form  of 
a  grey  powder.  (Gahn,  Berzelius  8c  Eggertz!) 

B.  Tantalitb  of  Ferrous  Oxide,  or  Ferrous  Tantalite.— 7*an/a- 
lUe,  yielding  a  cinnamon-coloured  powder.  Of  indeterminate  crystalline 
form  ;  sp.  gr.  7'655.  Scratches  glass ;  exhibits  an  uneven,  black,  and 
copper-coloured  fracture;  opaque,  black,  and  possessed  of  a  higher  metallic 
lustre  than  ordinary  tantalite.  Infusible  before  the  blowpipe.  With 
borax  it  forms  a  green  glass,  with  white  particles  floating  in  it;  but  the 
solution  is  very  slow,  even  when  the  mineral  is  pounded  :  the  glass 
becomes  milky  on  cooling.  In  microcosmic  salt  it  dissolves  easily, 
exhibiting  the  same  colours  as  ordinary  tantalite. 
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MnO 

36 

1-52 

1-61 

9FcO 

315 

13-34 

12-93 

10TaO» 

...      2010 

85*14 

85-67 

CaO  

0-56 

SiOa 

0-72 

8nO« 

0-80 

2361 

100-00 

102-29 

C.  Tantalatb  of  Ferrous  Oxide,  or  Ferrous  Tantalate. — 
a.  Bibcuic. — Columhite. — CrystaUine  system  the  right  prismatic.  Right 
rhombic  prisms,  with  the  lateral  edges  truncated,  and  numerous  accnmi- 
nation  &ces.  Fig,  74  (nearly)  and  other  forms,  u'  :  u=100*40'; 
t  :  i=.50''.  Sp.  gr.  59  to  6*46.  Scratches  glass.  Fracture  somewhat 
conchoidal,  and  imperfectly  laminar.  Opaque,  with  metallic  lustre, 
greyish-black,  producing  a  dark  brown  powder.  It  is  not  magnetic,  even 
after  ignition  with  charcoal.     Before  the  blowpipe,  it  becomes  Eomewhat 
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rouDded  at  the  corners;  dissolves  slowly  in  borax^  to  which  it  imparts  a 
blackish-grecn  colour;  may  be  disintegrated  by  fusion  with  hydrate  of 
potash.  Fused  with  nitre^  it  forms  a  green  mass,  from  which  water 
extracts  mangauate  and  tantalate  of  potash. 


Coiumbife, 

IMnO   36  ....  4-29 

5FeO 175  ....  20*89 

3Ta03   627  ....  74*82 

SnO* 

HO   

838  ....  100-00 


Wolks-       A.  Dunin-         Thorn, 

ton.       VogeL     Borrowflkf.        son. 
America.  Bodemnais. 


9         ....  d 
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•  ••• 
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20-0 
75-0 
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7-55 

14-00 

79*65 

050 

005 


...     99-5     ....  101-75 


h.  Monobasic. — Ordinary  TanUdiie, — Crystalline  system  the  right 
prismatic.  Right  rhombic  prisms,  with  truncated  lateral  edges,  and  acu- 
minated with  numerous  faces,  four  of  which  belong  to  a  rhombic  octo- 
hedron.  u'  :  «=122°  54';  %  :  *=54°  4'.  Sp.  gr.  7*264.  (Nordenskiold, 
Fogg.  50,  656.)  Fracture  uneven,  and  exhibiting  the  metallic  lustre. 
The  mineral  is  black  and  opaque,  and  yields  a  black-brown  powder, 
which  becomes  coffee-coloured  wnen  rubbed  very  fine.  Infusible  before 
the  blowpipe.  With  carbonate  of  soda  in  the  inner  flame,  it  often  yields 
globules  of  tin,  especially  if  a  little  borax  be  added.  With  borax  it  fuses 
readily,  forming  a  clear  yellow  glass,  which  becomes  milk-white  by  flaming. 
In  microcosmic  salt  it  dissolves  somewhat  less  readily,  forming  a  brownish- 
yellow  glass,  which  becomes  yellow  on  cooling,  and  acquires  a  yellowish- 
red  colour  in  the  inner  flame.  Disintegrated  by  fusion  with  hydrate  of 
potash.  Dissolves  in  red-hot  bisulphate  of  potash,  forming  a  reddishr 
yellow  liquid,  solidifying,  as  it  cools,  in  a  white  mass,  which,  when  dis- 
solved in  water,  leaves  tantalio  acid  (together  with  stannic  acid).  Not 
attacked  by  acids,  even  strong  oil  of  yitriol  acting  on  it  but  slightly, 
(Gahn  &  Berzelius,  Schw.  16,  259,  283  and  447.) 
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The  foUowiug  varieties  of  tantalite  are  mixed  with  considerable 
quantities  of  tin-stone,  and  partly  also  of  wolfram:  the  sesquioxides  of 
manganese  and  iron  found  in  them  should  perhaps  be  estimated  as 
protoxides. 
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Berseliufl. 

FiDbo. 

Brodbo. 

qaO   

2-40 

119     to       1-50 

Mn«03   

7-98 

715      „        6-61 

Fe^C 

7-67 

9-58      „      11-08 

TaO» 

66-99 

68-22      „      66-39 

SnO* 

16-75 

8-26      „        8-41 

wo» 

6-19      „        613 

101-79 

100-59      „    100-12 

Iron  and  Tungsten. 

A.  TuNGSTATE  OP  Febrous  Oxide,  or  Ferrous  Tungstate.  — 
a.  MonotungstaJte. — Aqueous  monotungstate  of  potash  yields  with  neutral 
ferrous  salts  a  light  brown  precipitate,  which,  when  heated,  gives  off  half  its 
water  and  assumes  a  darker  brown  colour;  is  not  decomposed  by  cold 
sulphuric,  hydrochloric,  or  nitric  acid,  but  completely  at  a  boiling  heat, 
with  separation  of  tungstic  acid;  and  dissolves  in  boiling  phosphoric 
acid,  likewise  in  warm  oxalic  acid,  in  which  it  forms  a  yellow  solution, 
but  is  not  soluble  in  water.  (Anthon,  /.  pr,  Chem.  9,  343.) 

Ignited,                  Anthon.  Hydrattd.  Anthon. 

PeO 35     ....     22-58     ....     2381            FcO 35     ....     1923  ....    20 

W0»   ....  120    ....     77-42    ....     7619            W0» 120    ....    65-93  ....    64 

3HO    ...  27     ...     14-84  ....     16 

"  155     ....  100-00     ....  100-00  182     ....  10000    ....  100 

To  this  head  likewise  belongs  Wolfram^  in  which,  however,  sometimes 
a  larger,  sometimes  a  smaller  proportion  of  ferrous  tungstate  is  replaced 
by  manganons  tungstate. — Crystalline  system  the  right  prismatic;  right 
l-ectangular  prisms,  with  the  summits  and  lateral  edges  truncated.  (Hauy.) 
According  to  Mobs,  it  belongs  to  the  oblique  prismatic  system ;  u' :  u= 
98°  12'.  Sp.  gr.  7-1  and  7*6.  Hardness  between  fluorspar  and  felspar. 
Opaque,  with  a  metallic  and  adamantine  lustre,  and  brownish-black 
colour;  powder  red-brown.— In  a  charcoal  crucible  heated  in  a  blast- 
furnace, it  is  reduced,  with  loss  of  40  to  46  per  cent.,  to  a  perfectly  united 
metallic  mass.  (Vauquelin.)-^On  charcoal  before  the  blowpipe,  it  fuses 
with  tolerable  facility  into  an  iron-black,  magnetic  globule,  exhibiting 
externally  an  aggregation  of  laminar  crystals.  With  carbonate  of  soda 
on  charcoal,  it  is  reduced  to  tungstide  of  iron,  easily  separated  by  leviga- 
tion.  Dissolves  with  tolerable  facility  in  borax,  exhibiting  the  iron  reac- 
tion, and  easily  in  microcosmic  salt,  forming  in  the  outer  flame  a  green, 
and  in  the  inner  a  dark  red  glass,  which  is  opaque  even  with  a  small 
quantity  of  wolfram,  turns  green  if  fused  with  tin  for  a  short  time,  and 
reddish  after  a  longer  time. — Wolfram  may  be  decomposed  by  fusion  with 
hydrated  carbonate  or  bisulphate  of  potash,  likewise  with  chloride  of 
calcium.  When  the  decomposition  is  cfl'ected  by  hydrate  or  carbonate 
of  potash,  the  products  are  tungstate  of  potash,  which  may  be  extracted 
by  water,  and  a  residue  of  oxidized  iron  and  maganese;  bisulphate  of 
potash  yields  soluble  salts  of  iron  and  manganese,  and  a  residue  of  tungstic 
acid;  chloride  of  calcium  produces  soluble  chloride  of  iron  and  chloride  of 
manganese,  and  insolul)le  tungstate  of  lime. — With  hot  oil  of  vitriol, 
wolfram  forms  an  indigo-coloured  solution,  which  loses  its  colour  in  the 
air,  and  deposits  white  flakes.  (Schaflgotsch.) — Hot  hydrochloric  acid 
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digested  with  ponnded  wolfram^  slowly  extracts  the  oxides  of  iron  and 
manganese^  and  leaves  the  tungstic  acid  in  the  form  of  a  yellow  powder. 
When  pounded  wolfram  is  digested  with  strong  hydrochloric  acid  in  clo&e 
Tossels,  the  acid  dissolves,  hesides  the  iron  and  manganese,  a  small  quan- 
tity of  tungstic  acid — which  is  precipitated  on  the  addition  of  water — 
and  leaves  a  swollen,  dirty-hlue*  powder,  which  turns  yellow  in  the  air, 
and  gives  up  its  protoxide  of  iron  to  hydrochloric  acid,  and  its  tungstic 
acid  to  ammonia^  but  not  till  the  protoxide  of  iron  has  been  converted 
into  sesquioxide  bj  exposure  to  the  air.  (Berselius,  Schw,  16,  478.) 
[For  other  observations  relating  to  this  subject,  see  below:  Margueritte 
and  Ebelmen.1  The  mineral  is  decomposed  by  strong  aqua-regia  more 
Quickly  than  by  hydrochloric  acid ;  the  small  quantity  of  tungstic  acid 
dissolved  in  the  liquid,  is  precipitated  together  with  iron  on  the  addition 
of  water.  (Yauquelin,  Ann,  Chim,  Fhys,  30,  194.) 
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Count  Schaffgotich.        Ebelmea. 
<u  b,  c. 

....      0-80 
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Vauqudin. 
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5-75 
20-77 


776 


100-00 
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a,  is  Wolfram  from  Ehrenfriedersdorf ;— 5.  from  Monte  Video,  sp.  gr. 
7*544; — c.  and  d.  from  Limoges. 

Benelius.  SchaffgotBch. 

At.  e.  /. 
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9- 
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e.  is  Wolfram  from  Cumberland ;— /.  from  Chanteloupe,  sp.  gr.  7'437; — 
g.  from  the  Departement  de  la  Haute  Vienne.  The  sesquioxides  of  iron 
and  manganese  found  by  Yauquelin  {J.  Chim.  M6d.  1,  244)  are  reckoned 
in  the  table  as  protoxides. 
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Count  Schafi^otsch  {Fogg,  52, 475)  regards  wolfram,  not  as  tungstate  of 
ferrous  oxide  (and  manganous  oxide),  but  as  a  compound  of  tungstous  oxide 
(IV.  25)  with  ferrous  oxide  (and  manganous  oxide)  =  (FeO;  MnO)WO«, 
because,  if  the  tungstic  acid  obtained  in  the  analysis  be  reckoned  as  such 
and  not  as  tungstous  oxide,  the  result  is  4  or  5  per  cent,  in  excess.  This 
excess^  however,  does  not  occur  in  all  analyses  of  wolfram;  and,  more- 
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over,  no  instance  is  known  of  tungstons  oxide  playing  the  part  of  an  acid. 
Again,  if  the  tungsten  were  in  the  state  of  tungstens  oxide,  no  tungstic 
acid  could  he  separated  hy  the  action  of  the  hydrochloric  acid  out  of  con- 
tact of  air.  The  ohservation  of  Wohler  &  Beringer  (Ann.  Fharm.  39, 
253),  that  wolfram  heated  in  a  stream  of  chlorine  gas,  yields,  like  tung- 
stens oxide,  a  sublimate  of  tnngstate  of  tungstio  chloride  (IV.,  36), 
appears  to  be  favourable  to  this  theory  of  Schaffgotsch;  Ebelmen,  however, 
(iv.  Ann.  Ckim.  Phy$.  8. 405)  endeavours  to  explain  it  by  supposing  that 
the  ferrous  oxide  and  tungstic  acid  decompose  each  other,  yielding  feme 
oxide  and  tunsstons  oxide;  but  this  hypothesis  is  inadmissible,  excepUng 
when  the  residue  contains  a  basic  sulphate  of  ferric  oxide  and  manganouA 
oxide. 

On  the  other  hand,  Margueritte  {Campt.  rend.  17,  742)  regards  wol- 
fram as  a  compound  of  ferric  and  manganic  oxide  with  tungstic  oxide-— 
Fe'0»,W»0»  mixed  with  Mn«0',W*0*.  In  support  of  this  view,  the 
following  facts  are  adduced: — ^Wheu  pounded  wolfram  is  digested  m 
a  close  vessel  with  hydrochloric  acid  not  very  hot,  ferric  oxide  is 
dissolved  and  blue  oxide  of  tungsten  left  behind;  but  if  the  solution  be 
boiled,  or  left  for  some  time  in  contact  with  the  residue,  hvdrochlorato 
of  ferrous  oxide  and  yellow  tungstic  acid  are  fonned. — Ebelmen,  on  the 
contrary  ^Compt.  rend.  17,  1198),  by  placing  fine  wolfram  powder  in 
contact  with  cold  strong  hydrochloric  acid  out  of  contact  of  air,  obtained 
a  liquid,  which,  on  the  aadltion  of  water,  deposited  tungstic  acid,  and 
retained  in  solution  protoxide  of  iron  free  from  sesquioxide;  it  was  only 
when  the  quantity  of  ferrous  hydrochlorate  was  increased  by  the  con- 
tinued action  of  the  hydrochloric  acid,  that  the  separated  tungstic  acid 
was  mixed  with  blue  particles.  Tungstic  acid  (precipitated  from  tnng- 
state of  ammonia  by  hydrochloric  acid),  when  digested  with  hydrochlorate 
of  ferrous  oxide  and  strong  hydrochloric  acid,  is  immediately  converted — 
with  simultaneous  formation  of  a  small  quantity  of  ferric  hydrochlorate — 
into  blue  oxide  of  tungsten  free  from  iron,  which  again  becomes  yellow 
on  the  addition  of  water,  and  consequently  is  not  produced  at  all  when 
dilute  hydrochloric  acid  is  employed.  Hence,  when  wolfram  is  decom- 
posed by  concentrated  hydrochloric  acid,  part  of  the  separated  tungstic 
acid  is  reduced  to  the  state  of  tungstic  oxide  by  the  action  of  the  ferroos 
hydrochlorate  produced. 

b.  BUungstaU. — Formed  by  precipitating  a  ferrous  salt  with  an 
alkaline  bitungstate.  The  cinnamon-coloured,  curdy  precipitate  hardens 
even  under  the  liquid,  and  dries  up  to  a  mass  of  rusty-brown  powder, 
which  bakes  together  when  ignited,  and  at  the  same  time  gives  off  water 
and  assumes  a  darker  colour.  Insoluble  in  water,  but  soluble  in  hot 
aqueous  phosphoric  and  oxalic  acid.  (Anthon.) — By  precipitating  a 
ferrous  salt  with  a  hot  saturated  solution  of  bitungstate  of  ammonia,  a 
brick-red  precipitate  is  obtained.  Dilute  hydrochloric  acid  extracts 
protoxide  of  iron  from  it^  leaving  the  tungstic  acid;  strong  hydrochloric 
*  acid  extracts  sesquioxide  of  iron  as  well  as  protoxide,  and  imparts  a  blue 
colour  to  the  separated  tungstic  acid ;  cold  potash-ley  dissolves  out  the 
tungstic  acid,  and  leaves  greenish-white  hydrate  of  ferrous  oxide. 
(Ebelmen,  Compt.  rend.  17,  1198.) 
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B.  Carbide  of  Tungsten  and  Iron. — Tongstio  acid,  heated  ia  the 
forge-fire  with  caat-iroD,  yields  a  brownish- white,  hard,  granular  com- 
pound. (De  Lujart.) 

C.  Ferrous  Sulphotungstate. — FeS,WS'. — Ferrous  sulphate  forms 
a  deep  yellow  solution  with  sulphotungstate  of  potassium. 

D.  Ferric  Sulphotungstate. — Fe*S',3WS'. — Aqueous  sulphotung- 
state of  potassium  yields,  with  ferric  salts,  a  dark  brown,  bulky  precipi* 
tate,  which  dries  up  to  a  liver-coloured  mass.  (Berzelius.) 

Iron  and  Molybdenum. 

A.  Molybdide  op  Iron. — Bluish-grey,  hard,  brittle,  fine-grained, 
magnetic;  fusible  before  the  blowpipe,  when  formed  of  equal  parts  of  the 
two  metals,  but  not  when  formed  of  2  pts.  molybdenum  and  1  pt.  iron. 

Many  samples  of  pig-iron  likewise  consist  of  iron  alloyed  chiefly  with 
molybdenum;  a.  Pig-iron  from  the  upper  works  at  Eisleben,  obtained  in 
the  fusion  of  bituminous  marl-slate  in  smclting-furnaces. — a.  Fine-grained. 
— fi.  Coarse-grained.  (Heine,  /.  pr.  Ckem.  9,  176.)— 6.  The  so-called 
Magdeburg  meteoric  iron,  containing  slug  mixed  with  bronze-yellow 
copper-cinder;  probably  the  pig  of  iron  from  a  copper -furnace. — «.  is  the 
analysis  of  a  fine-grained  sample,  /3.  of  a  coarse-grained  sample,  by 
Stromeyer  (^Pogg.  28,  551); — y.  is  the  analysis  by  Wehrle.  {Zeitschr.  Fhys* 
V,  W.  3,  168.) — Pig  of  iron  found  in  the  neighbourhood  of  the  rathe  Ilutte 
in  the  Harz,  examined  by  Wiggens.  {Pogg,  28,  5^5.) — d.  Pig  of  iron 
found  underground  at  Lauchstadt.  (Steinberg,  J,  pr,  Chem.  18,  379.) 

a,  a.  Of  /3.  b,  a.  b,  j3.  b,  y,  e,  d. 

\>&         >»••••■■•>*•  •••■  ••••  ■•■■  ■»••  ■•«•  jj    m^      »»*m         viwICTw 

BfiKKJf  JLl  v/*^  >>.>  •mm9  ••••  •.•■  •»•.  ••••     trACO 

Mn  ....  ....  001  ....  0-02  ....     0-12  ....  0-14 

Fe  57-91  ....  73-26  ....  74-60  ....  76*77  ....  73-11  ....  81-14  ....  50  to  80 

Co  0-67  ....  0-77  ...  3-07  ....  3-25  ....     416  ....  2-40  ....  trace 

Ni  3-42  ....  4-63  ....  1-28  ....  115  ....     084  ....  trace  ....  1  to  6 

Cu  2-45  ...  1-79  ....  4-32  ....  340  ....     5-34  ....  769  ....  2  to  4 

Mo  ..!.!...!!.!  28-49  ....  913  ....  10-19  ....  9-97  ....  5-28  ....  108  ....  10  to  30 

Si     ....  ....  0-39  ....  0-35  ....  1-83  ....  1*94 

C 0-87  ....  1-42  ....  0-48  ....  0-38  ....  1-20  ....  0-69  ....  trace 

As    ....  ....  2*47  ....  1-40  ....  2-70  ....  1-82 

P 3-52  ....  6-05  ....  2-27  ....  125  ....  1-38  ....  081  ....     2  to  5 

8 0-60  ....  0-09  ....  0-92  ....  206  ....  2-94  ....  0*62  ....  trace 

97*93  ....  97-14  . ...lOO-OO  ...lOOOO  ....  9890  ....  98'62 

B.  Molybdate  op  Ferric  Oxide,  or  Ferric  Molybdate. — Hydro- 
chlorate  of  ferric  oxide  gives  a  brown  precipitate  with  molybdate  of 
potash.  (Scheele.) 

G.  Ferrous  Sctlphomolybdate. — FeS,MoS^. — Formed  in  the  pre- 
paration (1)  of  sulphomolybdate  of  potassium,  its  formation  being  due  to 
the  iron  contained  in  the  native  sulphide  of  molybdenum.  (IV.  57.) 
When  the  greater  part  of  the  sulphomolybdate  of  potassium  has  been 
removed  from  the  ignited  mass  by  water,  the  iron-compound  likewise 
dissolves  and  imparts  a  deep  wine-red  colour  to  the  liquid.  On  evaporat- 
ing this  solution,  the  iron-compound  is  precipitated  in  the  form  of  a  black 
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jelly,  by  the  action  of  the  potawiam-compound  likewise  contained  in  it. 
The  gelatinous  precipitate  dissolves  easily  in  water,  forming  a  wine-red 
liquid,  which  becomes  much  darker  on  exposure  to  the  air,  and  when 
dilute,  is  very  readily  decomposed,  depositing  a  pale  rust-yellow  powder. 
The  black  jelly,  when  it  dries  up,  is  converted  into  the  same  suDstance. 
(Berzelius.) 

D.  Ferric  Sulphomolybdate. — Formed  by  precipitating  a  ferric 
salt  with  aqueous  sulphomolybdate  of  potassium. — Dark  brown  precipitate 
which  blackens  on  drying,  and  yields  a  brown  powder.  When  distilled, 
it  yields  a  largo  quantity  of  sulphur,  and  leaves  a  grey  shining  mass 
resembling  native  sulphite  of  molybdenum  in  outward  appearance.  It 
dissolves  in  excess  of  the  aqueous  sulphomolybdate  of  potassium,  forming 
a  black  solution,  but  the  greater  part  of  it  separates  again  from  the  liqaid 
in  the  course  of  four-aud-tweuty  hours.  (Berzelius.) 

£.  Ferrous  Persulphomoltbdate. — Aqueous  persulphomolybdate 
of  potassium  precipitates  a  ferrous  salt  only  when  the  latter  is  in  excess; 
the  precipitate  is  rod. 

F.  Ferric  Persulphomolybdate. — By  precipitation  of  a  ferric  salt 
jLod  precipitate.  (Berzelius.) 


Iron  and  Vanadium. 

A.  Vanadiate  of  Ferrous  Oxide  ? — Ferrous  salts  yield  with  mono- 
vanadiate  of  potash,  a  dark  greenish-brown  precipitate,  which  dissolves 
in  hydrochloric  acid,  forming  a  green  solution,  and  should  perhaps  be 
regarded  as  vanadiate  of  ferric  oxide.  With  bivanadiate  of  potash^ 
ferrous  salts  yield  a  green  precipitate  which  gradually  turns  grey,  then, 
after  24  hours,  becomes  yellow  and  crystalline,  the  liquid  at  the  same 
time  acquiring,  first  a  green,  and  then  a  yellow  colour.  (Berzelius.) 

B.  Vanadiate  op  Ferric  Oxide,  or  Ferric  Vanadiate. — Mono- 
vanadiate  of  potash  forms,  with  tersulphate  of  ferric  oxide,  a  straw- 
yellow  precipitate  slightly  soluble  in  water.  Bivanadiate  of  potash  like- 
wise gives  a  straw-yellow  precipitate,  which  however  soon  assumes  a 
crystfidline  aspect.  (Berzelius,  Fo^g.  22,  59.) 


Iron  and  Chromium. 

A.  Chromic  Oxide  with  Ferrous  Oxide. — GhrofM-iron-ore, — 
Regular  octohedrons.  (Isomorphous  with  Spinelle,  Gahnite,  Magnetic 
Iron,  Zeilanite,  and  Franklinite.)  Sp.  gr.  4 "3  to  4-5.  Hardness  between 
apatite  and  felspar.  Opaque,  with  semi-metallic  lustre.  Colour  varying 
from  iron-black  to  blackish-grey ;  powder  brown.  Not  magnetic,  or  but 
slightly  so. — The  ferrous  oxide  contained  in  the  mineral  may  be  reduced 
to  the  metallic  state  by  ignition  in  hydrogen  gas.  (H.  Rose,  Pogg.  15,  275.) 
In  the  inner  blowpipe-flame  it  becomes  magnetic  without  fusing.  Not 
attacked  by  carbonate  of  soda  on  platinum  (according  to  Abich,  it  forma 
therewith  a  yellow  slag  containing  chromate  of  soda).  Heated  with 
carbonate  of  soda  on  charcoal  in  the  inner  blowpipe-flame,  it  yields  iron- 
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dissolves  elowly  bat  completely  in  boiax  or  microcosmic  salt,  producing  a 
colour  dae  to  tne  iron,  which,  nowever,  on  cooling  (even  when  the  quan- 
tity of  chrome-iron  ore  is  very  small:  Abich),  gives  place  to  the  emerald- 
green  of  chromic  oxide;  the  latter  colour  is  most  apparent  after  heating 
the  bead  in  the  inner  flame,  especially  with  the  siddition  of  tin.  (Ber- 
zelius.) — The  mineral  gives  up  but  a  trace  of  iron  to  boiling  acids.  When 
heated  to  redness  with  nitre,  it  is  converted  into  ferric  oxide  and  chromate 
of  potash. — Chrome-iron-ore  is  FeO,Cr'0*;  but  part  of  the  ferrous  oxide  is 
replaced  by  magnesia,  and  part  of  the  chromic  oxide  by  alumina,  and 
perhaps  also  by  ferric  oxide; 


At. 

.Chrome-iron-ore, 

Abich,  a. 

MgO 

5 

....      1000 

•  •■• 

7-49 

7-52 

FeO  

8 

....      280-0 

*  ■  •• 

20-99 

2013 

CrO» 

10 

....      8000 

■  «•• 

59-96 

6004 

APOS 

3 

....       154-2 

•  ••1 

11-56 

11-77 

SiOa 

•  ■  •  ■ 

•  •■ 

0-36 

1334-2 

•  ••  • 

100-00 

99-82 

At, 

Abich,  b. 

MgO 

8 

160 

*•■• 

9-46 

9-69 

FeO  

9 

315 

■  •  ■• 

18-61 

18-97 

Cr20»    

12 

960 

•  *•• 

56-74 

54-92 

AW 

5 

257 

>••• 

1519 

13-23 

SiO» 

•  »■• 

■  ■• 

0-83 

1692 

■  ■•• 

100-00 

97-64 

a  is  crystallized^  b  masfiiTe  Chrome-iron-ore  from  Baltimorei — in  Abich's  calcu- 
lations of  the  per  centage  of  the  analyses  a  and  b  {Pogg,  23,  335)  certain  errors  occur, 
which  have  been  rectified  in  the  preceding  table. 

The  following  analyses,  in  most  of  which  the  magnesia  seems  to  have 
been  overlooked,  cannot  be  reduced  to  exact  calculation: 


Berthier. 


a. 


Laug^r. 


d. 


e. 


Klaproth. 


MgO    

•  ■  •• 

5-36 

MnO    

trace 

1 

FtO 

...     350     .. 

..    3600 

3514 

34 

•  >«• 

25-66 

....     330 

Cr203  

...     51-6     .. 

..     39-51 

51-56 

53 

■  •«  • 

54-08 

....     55-5 

Al«03  

...     10-0     .. 

..     1300 

9-72 

11 

•  ••  • 

902 

....       6-0 

SiO-' 

...      3-0    .. 

..     10-60 

2-90 

1 

•  *  •  • 

4-83 

....      20 

HO 

•  •  ■■ 

....       2-0 

99-6     .. 

..     9911 

99-32 

100 

98-95 

....     98-5 

a  and  b  are  Chrome-iron-ores  from  Baltimore; — c  from  Pennsylvama ; — d  from 
Siberia ; — e  from  Rocraas  ;•— /  from  Krieglach. 

B.  Chrohio  Oxide  with  Ferric  Oxide. — Chromate  of  potash  gives, 
with  sulphate  of  ferrous  oxide,  a  yellowish-brown  precipitate,  which  does 
not  yield  chromic  acid  to  caustic  potash,  but  dissolves  partially  in  nitric 
acid,  forming  a  green  solution.  (Vauquelin.) 


C.  Chromate  op  Ferric  Oxide,  or  Ferric  Chromate. — a.  Basic, — 
Brown  powder,  which  by  water,  especially  when  hot,  is  resolved  into 
soluble  chromic  acid  and  insoluble  ferric  oxide.  (Maus.) 

b.  With  4  At.  Acid, — Aqueous  chromic  acid  digested  with  excess  of 
hydrated  ferrie  oxide,  yields  a  brown  solution,  which  contains  74*94 
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cbromio  acid  to  2506  ferric  oxide,  is  not  rendered  turbid  eiUier  by  dilu- 
tion with  water  or  by  boiling,  and  yielda,  on  evaporation,  a  brown 
resinous  mass,  soluble  in  water  and  alconoL  (Mans,  Fogg,  9,  132.) 

D.  Carbide  op  Chromium  and  Iron.— a.  Ccmparaiivdy  ri^  tn 
Chromium, — 1.  A  mixture  of  chromic  and  ferric  oxide  is  exposed  to  a 
very  intense  heat  in  a  charcoal  crucible. — 2.  One  hundred  parts  of  chrome- 
iron- ore  are  fused  in  a  charcoal  crucible,  with  70  silica  and  30  lime,  or 
with  100  parts  of  glass,  or  with  40  of  borax.  These  fluxes  take  up  the 
earths  mixed  with  the  chrome-iron-ore,  and  form  a  slag;  the  purer  the 
ore,  the  less  flux  does  it  require;  the  addition  of  60  parts  of  ferric  oxide 
increases  the  quantity  of  chrome-iron  in  the  product. — Hard,  brittle, 
crystalline,  whiter  than  iron  and  highly  lustrous;  less  fusible,  less  mag- 
netic, less  easily  attacked  by  acids  than  iron;  all  these  properties  are 
exhibited  in  a  higher  deeree,  the  larger  the  proportion  of  the  chromium. 
The  compound  obtained  by  (1)  from  equal  parts  of  chromic  and  ferno 
oxides,  exhibits  a  crystalline  fracture— contains  hollows  filled  with  pna- 
matic  crystals — £cratches  glass  as  strongly  as  diamond — is  whiter  than 
platinum — and  may  be  ground  in  an  agate  mortar  to  a  fine  powder,  which 
exhibits  the  metallic  lustre;  it  is  but  slightly  attacked  by  acids,  even  by 
boiling  aqua-regia,  but  may  be  oxidized  by  fusion  with  nitre.  (Berthier, 
Ann.  Chim,  Pkys,  17,  55;  also  Schw.  43,  419;  also  GUb.  72,  247.) 

h.  Chr<me-8teel. — 1.  The  alloy  a,  when  fused  with  cast-steel,  yields  a 
very  hard  kind  of  steel,  which  is  easy  to  work,  and  when  treated  with 
sulphuric  acid,  exhibits  beautiful  Damascus  figures  with  silver-white  veina. 
(Berthier.)— 2.  Three  parts  of  chromium  fused  with  100  parts  of  steel, 
yield  a  very  hard  alloy,  which,  however,  is  not  malleable  at  high  tempera- 
tures as  iron.  By  treating  the  polished  surface  with  sulphuric  acid,  or  by 
merely  heating  the  alloy,  beautiful  Damascus  figures  are  formed  upon  it. 
— 3.  The  alloy  of  1  pt.  chromium  and  100  steel,  exhibits  similar  pro- 
perties, but  is  somewhat  softer.  (Faraday  &  Stoddart) 

Iron  and  Uranium. 

Uranide  of  Iron  ^— When  a  mixture  of  an  iron-salt  with  a  uranium- 
salt  is  precipitated  by  ammonia,  and  the  precipitated  mixed  oxides  reduced 
by  hydrogen  gas  at  a  red  heat,  the  residue  [compound  or  mixture  f]  bums 
very  vividly  when  thrown  out  into  the  air  after  cooling.  (Arfyedaon.) 

Iron  and  Manoanesb. 

A.  Manganidb  op  Iron.-— Iron  by  combining  with  manganese, 
becomes  whiter  and  more  brittle;  when  the  proportion  of  manganese 
amounts  to  22  per  cent.,  the  iron  ceases  to  exhibit  magnetic  properties. 
(Mushet.) 

Hypermanganate  of  potash  exhibits  no  alteration  when  mixed  with 
hydrochlorate  of  ferric  oxide.  (Fromherz.) 

IT  B.  Manganiferous  Magnetic  Itlov-okb,-^ Iron-earth,  Eisenmttlnt, 
— (FeO;  MiiO)  Fe'O'.— Occurs  at  the  "  Alte  Borke"  mine  in  the  neigh- 
bourhood of  Siegen,  where  a  vein  of  spathic  iron  is  broken  through  by 
basalt,  and  partly  converted  into  magnetic  iron-ore.— Black,  pulverulent 
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mass,  wkicli  attaclies  itself  closely  to  anything  on  which  it  is  rubbeJ,  and 
is  strongly  attracted  by  the  magnet.  The  specific  gravity  was  found  by 
experiment  to  be  3*76;  but  this  is  too  low.  It  maybe  considered  as 
magnetic  iron-ore  in  which  about  half  the  ferrous  oxide  is  replaced  by 
manganous  oxide,  which  is  isomorphous  with  it.  The  analysis  of  three 
specimens  gave  the  following  results : 

(1.)  (2.)  (3.) 

Fc*0» 66-71  65-63 

FcO   13-65     •    14-09 

MnO 17-11  17-62         16-25 

CoO  ^  trace 

CuO  I        ,_  ^  009 


I 


C0«    f       *""*         *™**  trace 

Water    '  trace 

Sand,  &c 1-34  1-57  2-34 


98-45 


The  specimens  (2)  and  (3)  contained  small  quantities  of  gold.  (Genth. 
Ann.  Fkarm.  66,  277.)  IT 

C.  Carbide  of  Manganese  and  Iron. — Manganese  unites  readily 
with  steel.  The  compound  possesses  great  malleability  at  high  tempera- 
tures, but  is  very  brittle  when  cold.  It  exhibits  very  plain  and  perfectly 
black  Damascus  figures.  (Breant.) 

D.  Phosphate  of  Manganous  Oxide  and  Ferrous  Oxide. — Man- 
ganoso-ftrrous  Phosphate. — a,  Quadrobasic. — TriplUe,  Fhosphormangan. 
• — Massive,  having  a  flat  conchoidal  fracture,  and  specific  gravity  =  3*43. 
Harder  than  fluorspar;  translucent  at  the  edges;  exhibits  a  faint  waxy 
lustre;  colour  varying  from  pitch-black  to  clove-brown;  powder  yellowish- 
grey. — When  heated,  it  gives  off  a  small  quantity  of  water  containiug 
hydrofluoric  acid.  Fuses  readily  on  charcoal  before  the  blowpipe,  effer- 
vescing strongly,  and  yielding  a  black,  metallic-shining,  strongly-magnetic 
bead,  which,  when  heated  with  carbonate  of  soda  in  the  inner  flame, 
yields  a  large  quantity  of  phosphide  of  iron.  With  carbonate  of  sod-i 
on  platinum,  it  yields  mineral  chameleon.  Dissolves  easily  in  borax, 
exhibiting  the  reaction  of  manganese  in  the  outer,  and  of  iron  ii 
the  inner  flame. — In  microcosmic  salt  it  dissolves  still  more  readily, 
scarcely  exhibiting  the  latter  reaction,  and  requiring  very  long-continued 
and  gradual  treatment  in  the  outer  flame  to  make  it  exhibit  the  reaction 
of  manganese.     Easily  soluble  in  hydrochloric  acid.  (Berzelius.) 


4MnO  

4FeO    

2PO* 

3CaO,P0»    . 

144-0 
140-0 
142-8 

....      33-74 
32-80 
33-46 

«  «• t                                                                           •  ■  a 

BerzeliuB. 
limoget. 

32-60 

31-90 

32-78 

3-20 

4MnO,PO*  +  4FcO,PO» 

426-8 

....     100-00 

100-48 

The  triplite  of  Limoges,  when  heated  with  oil  of  vitriol,]  etches  glass  so 
strongly,  that  it  might  be  supposed  to  be  allied  to  iron-apatite.  (Gmelin.) 

6.  Terbasic. — a,  Triphyline. — 3(LiO;  MnO;  FeO)PO',  or  more  exactly: 
3(^LiO,  j'yMnO,-J^|FeO)PO'.  Crystalline  system  the  oblique  prismatic. 
The  cleavage-planes  indicate  a  form  like  Fig.  85,  without/-  and  a-faces, 
ti :  ti=rl32°  nearly.     Cleavage  distinct  parallel  to  t;  less  distinct  parallel 
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to  u  and  t.  Sp.  gr.  8*6 ;  hardness  less  than  that  of  apatite.  Slightly 
translucent,  with  a  tolerably  strong  waxy  Instre ;  greenish-grey,  bluish 
in  places;  powder  greyish-white.  Gives  off  a  small  quantity  of  water 
when  heated.  Decrepitates  before  the  blowpipe,  and  then  fuses  very 
easily  and  qnietly  to  a  dark  steel-grey,  magnetic  bead,  at  the  same  time 
imparting  to  the  flame  a  pale  bluish-green  colonr,  reddish  at  intervals, 
and  after  moistening  with  sulphuric  acid,  a  deeper  blue-green.  When 
fused  on  platinum  with  carbonate  of  soda,  it  exhibits  a  slight  manganese 
reaction;  in  borax  it  dissolves  with  the  reaction  of  iron.  Gives  up  phos- 
phoric acid  to  caustic  potash.  Easily  soluble  in  hydrochloric  acid  ;  the 
solution  evaporated  to  dryness  and  boiled  with  alcohol,  imparts  a  purple- 
red  colour  to  the  flame  of  the  alcohol.  (Fuchs,  J.  pr.  Chem.  3,  98; 
5,  319.) 

Fuchs. 


Triphyli 

lne» 

Rabenstein. 

On 

2LiO 

28-8 

3-42 

3.40 

3-45 

MnO     

36-0 

4-28 

4-70 

4-75 

l2FcO 

420-0 

49-89 

48-57 

49-16 

5P0» 

3570 

42-41 

41-47 

42-64 

SiO^ 

0-53 

HO  

0-6d 

841-8 

10000 

99-35 

100-00 

p.  Tetraphyline  or  Perowshine, — 3(LiO;  MgO;MnO;PeO),PO*,  or  more 
exactly:  3(^jLiO,yyMgO,/jMnO,||FeO)PO*.— From  K^iti  near  Tamela. 
-—Resembles  triphyline  in  its  outward  aspect,  but  its  fracture  is  yellow 
when  fresh,  and  gradually  blackens  by  exposure  to  the  air.  It  likewise 
gives  a  stronger  manganese-reaction  before  the  blowpipe.  With  carbonate 
of  soda  on  platinnm,  it  colonrs  the  blowpipe-flame  red.  With  boracic 
acid  and  iron  wire,  it  yields  phosphide  of  iron.  (Berzelius  &  Nordens^ 
kiold,  Fogg.  36,  473.) 

Tetraphyline.  Berzelios  &  Nordenskiold. 

7LiO   100-8        8-03         8*2 

MgO   20-0       1-59         1-7 

4MnO 1440       11-47         121 

12FeO 420-0       33-43        38-6 

8PO»  571-2       45-48         42*6 

1256-0      ~.       100-00         103-2 

y.  /7-0M-«pafife.— 3r3(MnO;  FeO)POT-|-PeF,  or  more  fully:  3MnO, 
PO*  +  2(3FeO,PO*)FeF.— The  cleavage-planes  of  the  imperfectly  crys- 
tallized mass  appear  to  correspond  to  a  six-sided  prism.  Sp.  gr.  3*97. 
Hardness  equal  to  that  of  apatite.  Has  a  waxy  lustre,  and  clove-brown 
colour.  Decrepitates  before  the  blowpipe  and  fuses  readily,  with  intum- 
escence, into  a  metallic-shining,  bluish-black,  strongly-magnetic  fflobule. 
Dissolves  easily  in  borax  and  in  microcosmic  salt.  With  heated  oil  of 
vitriol,  it  gives  off  hydrofluoric  acid.  Warm  hydrochloric  acid  dissolves 
it  with  facility.  (Fuchs,  J.  pr.  Chem,  18,  499.) 


Fuchs. 

Irfm- 

•apatite 

1 

Zwiesel. 

3MnO 

108-0 

18-70 

20-34 

6FeO  

2100 

36-35 

85-44 

3P0«  

214-0 

37-04 

35-60 

Fe   

27-0 

4-67 

4-76 

F 

18-7 

3-24 

3-18 

Quartz 

0-68 

577-7 

10000 

100-00 
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e.  5  atoms  of  Bom  to  2  atoms  of  Acid. — «.  Hetepotite, — 5(MnO;  PeO), 
2PO'+2  Aq.  ?  [Does  it  not  likewise  contain  lithia  ?] — Laminated  mass^ 
having  three  planes  of  cleayage,  which  indicate  a  rhomhic  prism  whose 
lateral  dihedral  angles  are  about  100°  and  80^  Sp.  gr.  of  the  unaltered 
mineral  3*524;  of  the  same  altered  by  weathering,  3*390.  Scratches  glass 
but  not  quartz.  Has  a  faint  waxy  lustre,  and  a  greenish-grey  colour 
inclining  to  bluish-grey;  the  faces  which  are  exposed  to  the  air  exhibit  a 
semi-metallic  lustre  and  violet  colour.  Before  the  blowpipe  it  fuses  into  a 
dark  brown  globule,  haviug  a  semi-metallic  lustre.  Dissolves  in  hydro- 
chloric acid  with  the  exception  of  a  small  quantity  of  silica.  (Dufr^noy, 
Ann,  Chim,  Phys.  41,  337;  abstr.  Pogg,  17,  495.)  In  its  primitive  state 
the  mineral  yields,  sometimes  a  grey,  sometimes  a  yellow  powder;  after 
weathering,  it  yields  a  violet  powder.  With  hydrochloric  acid  it  evolves 
chlorine,  and  must  therefore  contain  free  manganic  oxide.  (Vauquelin, 
Ann.  Chim,  Pkys.  30,  294.) 

Hetepoziie, 

5MnO 180-0      ....       17-78        

lOFeO 3500  34-57        

6P0*    428-4       ....      42-32         

6HO    540      ....        5-33        

Si03 ....  


Dufr^QOy. 

Vaaqnelin. 

17-57 

•  t  ■• 

16-5 

34-89 

Fe208 

33-5 

41-77 

•  ■•■ 

50-0 

4-40 

•  ••• 

5-0 

0-22 

•  ••• 

2-5 

1012-4       ....     10000         98-85         ....       107-5 

a.  J5rttrattZi<tf.— 5(MnO;  FeO),2PO*  + 8 Aq  ^—Crystalline  system  the 
right  prismatic,  Fig.  99,  sometimes  with  the  ^face.  u  :  z£'=62^  30'; 
a  :  etz=i8(f.  No  cleavage-planes.  Fracture  conchoidal.  Sp.  gr.  2*270. 
Harder  than  calcspar,  transparent,  and  of  a  hjucinth-red  colour.  Gives 
off  water  when  heated,  and  fuses  very  easily  before  the  blowpipe  to  a 
black  globule,  having  a  semi-metallic  lustre.  (Dufrenoy,  Ann.  Chim, 
Phys.  41,  337;  abstr.  Pogg.  17,  493.) — White  with  a  tinge  of  rose-colour. 
(Vauquelin;  Ann.' Chim.  Phys.  30,  294.) 


Hurauliie.  Dofrenoy.  Tauquelin. 

15MnO  5400       ....      34-30  3285 

5FeO  175-0       ....       11-12  II'IO     Fe?0« 

8PO*   571-2       ....       36-29  38-00        ....         32'8 

32HO 288-0       ....       1829  1800         ....        200 


^6^  }  4^2 


1574-2       ....     100-00         99-95         ....       100-0 

E.  Phosphate  op  Fkriitc  Oxide  and  Manganic  Oxide,  or  Manga- 
Nico-PERRic  Phosphate. —  Weathered  Triphyline  or  the  so-called  Triplit 
of  Bodenmais.—6{Mxi'0^;  Fe'O')  4PO'^-f-5Aq. 


IMnSQ*  

5Fe20»    

80-0 

3900 

•  ■«  ■ 

■  •«• 

•  •■  ■ 

■  *  ■  ■ 

10-00 

48-71 

35-67 

5-62 

Faclis. 
8-94 
48-17 

4PC)«   

5HO    

SiO»    

285-6 

45-0 

t 

35-70 
5-30 
1-40 

800-6 

•  ••• 

10000 

99-51 

Iron  and  Arsenic. 


A.  Arsenide  op  Iron.— a.  Di-arsenide. — 64  pts.  (2  At.)  of  iron 
filings  ignited  in  a  close  vessel  with  108  pts.  of  arsenic,  retain  73*44 
(nearly  1  At.)  arsenic  in  combination,  (Gehlen.)     The  arsenide  of  iron 
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thus  formed  does  not  fuse;  it  is  white,  very  brittle^  and  easily  pulverized. 
(Bergman^  Gehlcn.) 

6.  Found  in  the  form  of  Arsenical  Iron  or  Arsenical  Pyrites. — Crys- 
talline system  the  right  prismatic.  Form,  a  right  rhombic  prism  : 
t£:2/=:122°  26';  bevelled  with  two  y-faces  resting  on  the  two  obtuse 
angles.  Cleavage  parallel  to  p,  Sp.  gr.  7*22.  Hardness  intermediate 
between  fluorspar  and  felspar.  Silver-white  inclining  to  steel-grey ; 
powder  blackish-grey.  (Mohs.)  When  heated  in  closed  vessels,  it  yields 
a  sublimate  of  arsenic;  fuses  on  charcoal  before  the  blowpipe  to  a  black 
magnetic  mass,  at  the  same  time  emitting  a  strong  odour  of  arsenic.  Dis- 
solves in  nitric  acid  with  separation  of  arsenious  acid. 

£.  Hofmann.  Th.  Scheerer.        Hofmann. 

At.  a,  a,  b,  a,  b,  a*  ^t.P»  c* 

Pe  1  ....  27  ....  26-47  ....  2806    ...  28-76  ....  28-14  ....  27-87  ....  13-49 

^^\r   •••■■••■•■■•  •■••  «•••  •••■  .k..  •■■•  •■•*  •■■•     %M     A  ^0 

I>ji  _        _  ^  ^  ^  ^  _      13*37 

As  .'Z.Z..     1  ....  75  ...  73-53  ....  65-99  ....  71-24  ....  70*22  ....  72-13  ....  60-41 

0 ....  ....  ....         A    Ji     ....  ....         A   £ia     ....  «..•        V  ^V 

Serpentine         ....     2-17 

1  ...102  ...10000  ....  9816  . ...100-00  ....  9964  ...10000  ....  97*57 

a,  is  arsenical  pyrites  from  Reichenstein, — 6.  from  Fossam, — c.  from  Slad- 
niig;  in  this  last,  the  iron  is  partly  replaced  by  cobalt  and  nickel. — a,  «. 
and  b,  a,  are  the  direct  results  of  analysis;  if  from  these  we  deduct  the 
matrix  and  sulphur,  together  with  the  quantity  of  iron  and  arsenic 
required  to  convert  the  sulphur  into  arsenical  pyrites,  the  iron  and  arsenic 
will  remain  in  the  proportions  calculated  in  a,  3.  and  b,  p.  {Comp.  E.  Hof- 
mann and  Th.  Scheerer,  Fo^g.  25,  489;  49,  536;  50,  153.) 

B.  Arsenite  of  Ferrous  Oxide,  or  Ferrous  Arsenite. — Arsenite 
of  ammonia  forms  with  green  vitriol  a  greenish-white  precipitate  which 
afterwards  becomes  yellowish;  it  dissolves  in  aqueous  ammonia  forming 
a  greenish-yellow  solution,  but  not  in  arsenite  of  ammonia  or  other 
ammoniacal  salts.  (Wittstein.) 

When  hydrated  ferrous  oxide  precipitated  by  ammonia  and  washed 
(it  then  contains  3  parts  of  the  anhydrous  oxide)  is  agitated  with  an 
aqueous  solution  of  1  pt.  arsenious  acid,  it  is  partially  dissolved.  The 
filtrate  [which  Guibourt  regards  as  ferrous  arsenite]  evolves  a  large 
quantity  of  arsenic  in  Marsh's  apparatus,  and  gives  with  sulphuretted 
hydrogen  a  brown  colouring,  which  disappears  on  the  addition  of  hydro- 
chloric acid,  without  the  formation  of  a  yellow  precipitate  [was  there  not 
at  least  a  precipitate  of  sulphur  arising  from  the  reduction  of  the  scsqui- 
oxide  of  iron  to  protoxide  ?J — The  solution  is  also  coloured  yellow  by 
ammonia,  deep  yellow  by  cupro-sulphate  of  ammonia,  and  instantly  black 
by  tincture  of  galls.  (Guibourt.) 

0.  Arsenite  of  Ferric  Oxide,  or  Ferric  Arsenite. — Quadrohasic, 
—Formed  when  acetate  of  ferric  oxide  is  precipitated  by  free  arsenious 
acid  or  an  alkaline  arsenite.  The  free  acid  precipitates  the  ferric  oxide 
completely  from  a  solution  of  the  acetate,  but  not  at  all  from  the  sul- 
phate, hydrochlorate,  or  nitrate.  (Bunsen.)  The  precipitate  formed  by 
arseniate  of  ammonia  in  a  solution  of  ferric  acetate  requires  long-continued 
washing  to  free  it  from  acetate  of  ammonia.  (Simon.) — 2.  The  same  salt 
is  produced  by  agitating  freshly-pi-ecipitated  ferric  hydrate  with  aqueous 


FERROUS  ARSfeNIATE.  305 

arsenioas  acid.  1  part  of  arseuions  acid  dissolved  in  water  is  com« 
pletelj  precipitated  bj  a  quantity  of  ferric  hydrate  containing  from  10  to 
12  parts  of  the  dry  oxide j  the  precipitation  is  almost  complete  even  with 
a  smaller  quantity  of  the  hydrate.  (Bunsen.)  To  precipitate  1  part  of 
arseuious  acid  from  its  aqueous  solution,  6*67  parts  of  dry  ferric  oxide  in 
the  hydrated  state  are  not  quite  sufficient,  and  10  pts.  are  more  than 
sufficient.  (Guibourt.) 

The  precipitate  obtained  by  the  first  method  is  bulky,  yellowish- 
brown,  resembles  hydrated  ferric  oxide  in  appearance,  and  dries  up  to  a 
pitch-black  mass,  which  has  a  conchoidal,  waxy  fracture,  and  yields  an 
ochre-yellow  powder.  (Bunsen.) — When  heated  in  a  fflass  tube,  it  gives 
off  water  and  arsenious  acid,  but  a  portion  of  acid  always  remains 
behind  in  combination  with  the  oxide.  (Bunsen.)  The  salt  obtained  by 
method  (2)  leaves,  when  ignited,  67  per  cent,  of  ferric  oxide  still  con- 
taining arsenic.  (Guibourt.)  The  residual  ferric  oxide  is  free  from 
arsenic.  (Simon,  Pogg.  40,  442.) — The  stronger  acids  dissolve  the  salt, 
with  separation  of  arsenious  acid.  Acetic  acid  has  no  action  on  the  salt, 
even  when  recently  precipitated.  (Bunsen;  vid.  Bunsen  and  Berthold: 
dflw  EUenoxydhydrat  u,  8.  w.  Gott.  1834.) 


Bnnseii* 

FeW 

312 

•■•• 

68*42 

68-28 

A«0» 

■  •■••••■■                97 

••«« 

21-71 

21-73 

5HO 

•  •••••••■               4v 

•  ••« 

9-87 

9-99 

4Fe»0»,A«0»+ 5Aq.       456      ....     100-00        10000 

h.  Sesqui-arseniie  f — ^When  green  vitriol  oxidized  by  aqua-regia  and 
then  neutralized  with  ammonia,  is  mixed  with  a  saturated  solution  of 
arsenious  acid  in  hot  soda-ley,  freed  from  the  excess  of  arsenious  acid  by 
cooling,  there  is  produced,  after  12  hours,  an  abundant  yellow  precipitate, 
which  increases,  if  the  supernatant  liquid,  as  it  becomes  acid,  is  again 
neutralized  with  ammonia  till  it  completely  loses  its  colour. — Deep  yellow 
while  moist,  but  after  drying  it  becomes  ruby-red,  transparent,  hard,  and 
yields  a  yellow  powder.  The  salt,  after  being  dried  in  the  air,  loses  1 1  *6 
percent,  of  water  at  100^  A  hundred  parts  of  the  salt  dried  at  100°, 
give  off  at  a  red  heat  the  greater  part  of  the  arsenious  acid,  together 
with  a  small  quantity  of  water,  and  leave  38*82  parts  of  ferric  oxide, 
still  containing  arsenious  acid;  by  longer  ignition,  this  quantity  is  reduced 
to  34*16  parts,  but  even  then  the  residue  is  not  quite  free  from  arsenic. 
Hence  the  anhydrous  salt  must  be  regarded  as  2Fe'0',  3AsO',  and  the 
salt  dried  in  the  air,  as  2Fe'0»,3A60'  +  7Aq.  The  salt  gives  wiOi 
caustic  soda  a  deep  red  solution  which  is  not  rendered  turbid  by  carbonic 
acid,  and  when  evaporated  leaves  a  reddish  residue,  perfectly  soluble  in 
water.  (Guibourt,  J.  Chim.  Mid.  15, 306;  also  N.  Br.  Arch.  23,  69.) 

D.  Arsemiate  of  Ferrous  Oxide,  or  Ferrous  ARfiENiATE.— 
a.  Terbtuie. — Arseniate  of  ammonia  forms  a  white  precipitate  with  sul- 
phate of  ferrous  oxide.  (Chenevix.) 

dl6I16TlX« 

3FeO  105      ....      38-32        43 

AaO» 115      ....      41-97        38 

6HO    54      ....      19-71        19 

274      ....    100-00       ZZ      locT 

h.  Bibasic. — The  white  precipitate  which  ferrous  salts  form  with 
arseniate  of  ammonii^^the  composition  of  which,  whether  bibaaic  or 

VOL.  V.  ^ 
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terbasic,  has  not  j^t  been  determined-*s8umes  a  dingy  green  <^^.^' j^ 
exposure  to  the  air.     When  heated,  it  evolves  arsenious  acid  ana  le 
a  grey  residue  containing  ferric  oxide.     It  dissolves  sparingly  ui 
mouia,  forming  a  liquid  which  turns  green  in  the  air.  (^®J|^^®"'*^'^.--uia 
ammoniacal  solution   is  greenish -yellow,  and  does  ^^^  ^^^\\  dig. 
on  exposure  to.  the  air.  even  for  several  hours ;  the  salt  ^?^^     ^. ^^  \ 
fiolve  in  arseniate  of  ammonia  or  in  other  ammoniacal  salts.  I w  ivs       -* 

c.  Acid  SaU,— Iron  disBolvea  in  aqueous  arsenic  acid.  (S^|l®®|;^2iiate 
the  acid  acts  for  several  weeks  without  contact  of  air,  [mono  f  J  ^'^^^  -     , 
of  ferrous  oxide  is  deposited  in  asbestus-like  threads  united  m  8P°|5 
masses,  together  with  black  needles  of  metallic  arsenic.  {H  iscner,  jt  yy. 
9,  262.) 

E.  Ferroso-perrtc  Arseniate.— a.  Cwft^-or^?.— Belongs  to  the  regu- 
lar system,  Fi^,  1,  4,  5,  8.     Cleavage  parallel  to  the  faces  of  tiie  cuoe- 
Harder  than  calcspar.     Translucent,  with  a  glassy  lustre,  and  P^^r'^g 
green  colour,  inclining  to  brownish-green;  powder  straw-yellow,     vj 
off  water  and  turns  red  when  heated;  swells  up  slightly  on  ^'^Y^P;'^' 
tion  of  a  stronger  heat,  little  or  no  arsenious  acid  subliming,  and  J®^'" 
its  red  colour.     When  fused  upon  charcoal,  it  gives  off  a  strong  odour  o 
arsenic,  and  fuses  into  a  metallic-grey  magnetic  slag,  which  ^.^.^*?^^®^., 
borax  or  microscopic  salt,  emitting  an  arsenical  odour  and  exhibiting  x, 
reaction  of  iron.  (Beraelius.)     Caustic  potash  extracts  arsenic  acid  trom 
it,  and  separates  black,  anhydrous  ferroso-ferric  oxide.     Dissolves  readiij 

in  hydrochloric  or  nitric  acid,  but  not  in  water. 

B«rzeliii9* 

At.  Cube^ore.  CominaL 

CaO   0-60      to        0-65 

X^^ I      ...       78     ....     27-66         40-56      „      39-20 

i^ - 1      ...     115     ....     40-78         3800      „      3782 

PO*     A.7A  2-53 


HO      A  KA  IQ.IR  iQ-fi7        ..         18*61 


>» 


Matrix    0-35      „         l'?® 


FeO,Fe*03,AsO«  +  6Aq.  282     ...10000         99*78      „     100*57 

Berzelius  (Ann,  Chim.  Phys.  31,  413;  Jahresher.  4,  144;  5,  206)  supposes 
that  part  of  the  sesquioxide  of  iron  found  in  the  analysis  is  contained  in 
the  cube-ore  in  the  form  of  protoxide;  he  inves  as  the  formula  of  the 
mineral:  3FeO,A80»+3Fe«0(2A80»+ 1 SAq,  which  leads  to  the  same 
composition  per  cent.  ^         i> 

and^r^'^^*^"~9'7s*»^line  system  the  right  prismatic.  Right  rhombic 
liPr?r^r  f°  prisms,  accuminated  with  the  faces  of  a  rhombic  octo- 
Iucent\J:-'^=  Sp.gr.  316.     Harder  than  calcspar.     Trans- 

and  a  ?£l^^""^  P*^?  ^'^^  ^J  transmitted  light;  ha^  a  vitreous  lustre. 
When  h^ZF^!" ^"'"'y^''^  inclining    to   brown ;  powder  greenish- white. 

yellowish  eoloui  th^n^or,^^  ""^^f-'  ^^  ^"°"^^  *  Krejish-white  or 
black  and  vielda  a  «nK?:  .  .  application  of  a  stronger  heat,  it  turns 
behaves  li^e  cub^r«  ^^^^^^  v^  arsenious  acid.  Befor^  the  blowpipe,  it 
it  does  not  evolvT^n^j^"^^  W*^«*^  ^^^^  o°^  o^  contact  oFair, 

it.  (G.  Koso.)  Qi^^^^tyy^'  ^°>««  arsenical  pyrites  is  mixed  with 
in  hydroohlono  acid         ^"^^"^  ^^^  to  caustic  potash;  dissolves  readily 
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Skorodite. 

2FeO 70  ....  10-31 

2Fe»0»   156  ....  2298 

3A80«    345  ....  50-81 

12HO    108  ....  15-90 

P0«    

CuO  


Beneliug. 

Brazil. 

Fopajan. 

34-85 

•  a  •  • 
«  •  •  • 

34*3 

50-78 

•  •  a  « 

49-6. 

15-55 

1  •  •  t 

16-9 

0-67 

PbO 

0-4 

trace 

• 

101-85 

•  •  ■  • 

101-2 

679      ....     100-00 

BoDssingault  {Ann,  Chim,  Phys,  41,  75)  estimates  all  the  iron  in  Skorodite 
as  sesqaioxide;  Berzelios  reckons  part  of  it  as  protoxide,  according  to  the 
formula  adopted  in  the  calculation  just  given:  2FeO,AsO'H-2(Fe'0',A80*) 
+  12Aq. 

F.  Arseniate  of  Ferric  Oxide,  or  ^erric  Arseniatb. — a.  Six- 
teen-basic. — Formed  by  boiling  b  or  c  with  excess  of  caustic  potash.  Brown 
like  hjdrated  ferric  oxide.  When  heated  to  commencing  redness,  it 
exhibits  a  peculiarly  vivid  incandescence.  Does  not  give  up  any  acid  to 
caustic  potash.     Insoluble  in  ammonia. 


Beneliiu. 

16Fe20» 

1248       .. 

7904 

79-6 

AsO*  

115       .. 

7-28 

70 

24HO    

216       .. 

13-68 

13-4 

16Fe203,A80*  +  24Aq 1579      ....     10000        100-0 

b,  Bihasic, — By  oxidating  bibasic  ferrous  arseniate  with  boiling  nitric 
acid,  and  evaporating  or  precipitating  with  ammonia.  Insoluble  in 
ammonia.  (Berzelius.) 

White  Iron-cinder  from  the  Fiirstenstollen,  near  Freiberg.  Kidney- 
shaped,  soft,  knobby  lumps,  almost  friable,  and  of  a  light  yellow-grey 
colour;  they  have  a  coarse  earthy  fracture,  and  adhere  somewhat  strongly 
to  the  tongue.  (Freiesleben.)  This  substance,  when  heated  rather  strongly, 
gives  off  a  large  quantity  of  water,  containing  a  trace  of  sulphuric  acid, 
at  the  same  time  shrinking  together,  and  assuming  a  brownish-yellow 
colour.     Continued  ignition  causes  it  to  cake  together  into  a  black-brown 

slag.  (Kersten,  Sckw.  5B,  176.) 

Kersten. 

2Fe20»   156       ....      4116        40*45 

AsO*  115       ....      30-34        30-25 

12HO 108       ....       28-50        28-50 

2F^O»,  AbO*  +  12Aq 379       ....     10000        ~.        99-20 

c.  Sesqui-arseniate. — Tersulphate  of  ferric  oxide  yields  a  white  preci- 
pitate with  diarseniate  of  soda: 

2Fe2Cl«  +  3(2NaO,ABO*)  =  2Fe«0»,3A80»  +  6NaCl. 

According  to  Pfaff,  the  same  precipitate  is  produced  by  mono-arseniate  of 
potash.  When  heated,  it  gives  off  its  water  and  turns  red,  and  at  a  low 
red  heat  exhibits  a  feeble  glow;  after  cooling,  it  appears  more  yellowish 
than  it  originally  was.  (Berzelius.) 

Anhydrow. 

2Fe20"  156        3115 

3AaC)»   345         68-85 


2Fe2O»,3AB0» 501         100-00 

x2 
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HydraUd. 

2Pe»0»  156       ....       25-62) 

3A80»    345       ....       56-651 

12HO    108      ....       17-73 


Beraelioi. 

Cbenenx. 

83-32 

(37-2 
142-4 

16-68 

20-4 

+  12Aq 609       ....     100-00         lOO'OO  100-0 

Dissolves  in  hjdrochlorio  and  in  nitric  acid,  and  separates  a^n  on 
evaporation  in  the  form  of  a  white  powder.  Aqaeons  ammonia  dissolves 
it  immediately  when  recently  precipitated,  slowly  after  drying;  according 
toDdbereiner  {Sdtw.  26, 271)  and  Wittstein  {RepeH.  63, 329),  the  solution 
is  yellow;  but  according  to  Berzelius  (Schw.  32,  162),  it  is  red.  The 
ammoniacal  solution,  if  it  likewise  contains  sulphuric  acid,  deposits,  after 
a  few  days,  a  reddish -yellow  powder  soluble  in  water.  When  evaporated, 
it  leaves  basic  arseniate  of  ferric  oxide  and  ammonia  in  the  form  of  a  ruby- 
coloured,  transparent  mass,  full  of  cracks,  having  the  appearance  of  an 
extract,  and  no  longer  smelling  of  ammonia.  This  mass,  when  subjected 
to  dry  distillation,  gives  off  a  large  quantity  of  ammonia  with  water,  then 
water,  nitrogen  gas,  and  a  sublimate  of  arsenious  acid,  and  leaves  greyish- 
green  ferroso-ferric  arseniate.  It  is  soluble  in  water  containing  ammonia, 
but  is  decomposed  by  pure  water,  which  dissolves  arseniate  ot  ammonia, 
together  with  a  quantity  of  nndecomposed  basic  arseniate  of  ferric  oxide 
and  ammonia,  and  leaves  diarseniate  of  ferric  oxide  undissolved.  (Berze- 
lius.) The  ammoniacal  solution  remains  clear  when  treated  with  ferro- 
cyanide  of  potassium,  not  giving  a  precipitate  of  prnssian  blue  till  an  acid 
is  added.  (H.  Rose.)  The  salt  is  insoluble  in  water  and  acetic  acid,  and, 
according  to  Wittstein,  in  arseniate  of  ammonia  and  other  ammoniacal 
salts. 

G.  Arsbnio-sulphatb  of  Ferric  Oxide.— -Pi^^mt^,  or  Brown  Iron- 
cinder, — ^Stalactitic.  Sp.  gr.  2-3  to  2*4.  Harder  than  gypsom.  Fracture 
conchoidal.  Translucent,  with  a  waxy  lustre  and  brown  colour;  powder 
pale  yellow.  Gives  off  a  large  quantity  of  water  when  heated.  At  an 
incipient  red  heat,  it  evolves  a  considerable  quantity  of  sulphurous  acid, 
but  yields  no  sublimate.  When  heated  on  charcoal,  it  shnuks  together, 
evolving  a  strong  arsenical  fume.  (Berzelius.)  When  fipradually  heated, 
it  first  gives  of  pure  water,  assuming  a  yellow  colour  and  losing  its  trans- 
parency; then  evolves  sulphuric  acid,  mixed  at  a  still  later  stage  with 
sulphurous  acid,  and  assumes  a  dark  red-brown  colour.  At  an  incipient 
red-heat,  it  swells  up  and  fuses  into  a  porous,  dark  red-brown  slag,  which 
becomes  blackish  after  longer  ignition.  When  repeatedly  boiled  with 
water,  it  gives  up  to  that  liquid  the  whole  of  its  sulphuric  acid,  free  from 
ferric  oxide  and  arsenic  acid.  Dissolves  with  facility  in  warm  hydro- 
chloric acid,  less  easily  in  nitric  acid.  (Stromeyer,  Untermchung  der 
MinercUkdrper,  244.)  Loses  20  per  cent,  at  a  low  red-heat,  45  at  a 
higher  temperature;  dissolves  with  equal  £B«ility  in  hydrochloric  and  in 
nitric  acid.  (Laugier,  Ann.  Chim.  Phyi,  30,  325.) 


Stromeyer. 

Laugier. 

Mn«0»   

••ta                                                              ■• 

0-64 

•«•• 

trace 

6Fe»0»   

468 

....    33-96 

33-10 

•••• 

35 

3AgO»    

04d 

....     2504 

2606 

«••• 

20 

480" 

160 

....     11-61 

10-04 

•  ••• 

14 

45HO    

405 

....     29-39 

29-26 

•  •■■ 

30 

1378 

....  100-00 

99-10 

••«• 

99 
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4(Fc«q»,S0»)  +  2Fe*0»,A80  +  45 Aq  ?— If  the  ralphurio  acid,  together  with 
a  certain  quantity  of  water,  can  be  regarded  as  an  accidental  admixture, 
the  formula  will  be  :  2Fe'O^A60^+12Aq. 

H.  Abseniatb  of  Ferric  Oxide  and  Lime. — Ferrico-ealcie  AneniaU. 
^^^Arseniosidertie  from  Roman^he.  Fibrous ;  sp.  gr.  3*52 ;  crumble* 
between  the  fingers.  Colour  brownisb-yellow,  becoming  darker  by  ex- 
posure to  the  air.  Fuses  very  easily  before  the  blowpipe.  Contains : 
KO  0-76— CuO  8-43— Fe*0» 41-31— Aln^O' 1-29— AsO*  34-25— SiO*  404 
—HO  8-75  (loss,  1-16).  (Dufrenoy,  JV.  Ann.  Chim.  Phys.  7,  382 ;  also 
J,  pr.  Chem.  28,  315.)  The  analysis  does  not  lead  to  any  satisfactory 
formula. 

I.  Ferrous  Sulpharsbnitb. — The  solution  of  disulpharsenite  of 
sodium  gives,  with  neutral  ferrous  salts,  a  precipitate  which  is  black- 
brown  in  the  fresh  state,  and  dissolves  in  an  excess  of  the  sodium-salt, 
forming  a  brownish-yellow  solution.  The  precipitate,  when  dried,  is 
converted  into  a  greyish-brown  mixture  of  ferric  oxide  and  ferric  sulph- 
arsenite  (K),  and  afterwards  yields  by  distillation  sulphurous  acid  and 
sulphide  of  arsenic,  while  sulphide  of  iron  free  from  arsenic  remains 
behind.  (Berzelius.) 

K.  Ferric  Sulpharsenite. — Ferric  salts  form  with  bibasic  sulph- 
arsenite  of  sodium — the  liquid  retaining  a  greenish  colour — an  olive-nreen 
precipitate,  which  dissolves  in  excess  of  the  re-affent,  forming  a  black 
solution.  After  drying,  it  fuses  readily,  and  solidifies  in  the  form  of  a 
yellowish  translucent  mass,  which,  as  before  fusion,  yields  a  greenish- 
yellow  powder.  At  a  red  heat,  it  leaves  sulphide  of  iron  free  from  arsenic. 
(Berzelius.) 

L.  Ferrous  SuLPHAR6ENiATE.-^Dark  brown  precipitate,  which  soon 
turns  black  :  it  is  produced  on  mixing  a  ferrous  salt  with  the  aqueous 
solution  of  either  bibasic  or  terbasic  sulpharseniate  of  sodium.  It  dissolves 
in  excess  of  the  sodium-compound,  forming  a  black-brown  solution.  When 
dried  in  the  air,  it  is  resolved  into  a  yellowish-brown  mixture  of  hydiated 
ferric  oxide  and  ferric  sulpharseniate.  (Berzelius.) 

M.  Ferric  Sulpharseniate.  —  Both  terbasic  and  bibasic  sulph- 
arseniate of  sodium  form  dingy  greenish-grey  precipitates  with  ferric  salts, 
the  former  more  slowly  than  the  latter,  and  an  excess  of  either  sodium- 
salt  re-dissolves  the  precipitate,  forming  a  black-brown  solution.  The 
precipitate,  which  does  not  decompose  in  drying,  fuses  very  easily,  and 
at  a  moderate  heat  gives  off  sulphur,  and  is  converted  into  a  compound 
containing  tersulphide  of  arsenic,  which  is  Ukewise  easily  fusible. 
(Berzelius.) 

N.  Proto-arsenide  of  Iron  with  Bisulphide  of  Iron. — Arsenical 
Iran,  Mupickel,  Gifikies,  Crystalline  system  the  right  prismatic.  Fig. 
61  (primaiT  form),  44,  54,  and  others,  ti  :  tt=lll''  18',  i  :  tf=115''  32; 
i  above  :  u  oel<np=-99°  36'.  Cleavage  parallel  to  a  and  p.  (Hauy.)  Sp.  gr. 
6*13.  Somewhat  softer  than  felspar;  gives  a  few  sparks  with  steel,  emit- 
ting an  arsenical  odour.  Tin-wbite;  powder  blackish-grey.  When  heated 
in  a  flask,  it  first  ffives  a  red  sublimate  of  sulphide  of  arsenic,  then  a  black, 
and  lastly  a  metaSio-lookiiig  sublimate  of  arsenic,  and  leaves  sulphide  of 
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iron.     Heated  on  cLarcoal  before  the  blowpipe,  it  emits  »  ^^.f^   prnr^ 
fume,  and    fusea  to  a  globale,    which   behaves    like    ™^^:?,   Beparati  r 
(BerzeJius.)    Dissolves  iu  strong  nitric  acid  or  aqu»-regia»  wjin      r 
of  «uJp|jar  and  arsenious  acid.  ,,  ,        -.v.  -  cir^'l 

iOl  parts  (1  At.)  of  areenical  iron,   placed  in  »  ^"'^'^l  .T„ts.--v:^ 
quantity  of  borax,  and  heated  in  the  blast-furnace,  lose  /2f  *^  ^        . :  .^ 
1  At.  sulphur  and  f  At.  arsenic  (16  ^5625 =72 '25).— The  '^^rjf'     ^j.'  ^ 
IS   crystalline,  brittle,  strongly  magnetic,  and   of  a  P«'®  ^^-^i:'i.„.r.. 
colour,  consists  of  FeS  and  Pe*A7     On   boiling  the  mass  wjtn  ^  ^^ 
hydrochloric  acid  as  long  as  sulphuretted  hydrogren   continne^  to  |?      ; 
the  Fe*As  remains  behind  in   blackish-grey  metaJlic  Bcales   (cont&im^^ 
50  p.  o.  iron  and  41   arsenic).     These  grains,    when  boiled  for  »  '^^  = 
time,  give  up  half  their  iron  to  the  acid,  with  erolution  of  ^7^^^^^'^,,"^ 
and  the  residue  consists  of  Fe^  (41 '9  p.  c.  iron  and  581   ^'^'"fA^ 
which  the  hydrochloric  acid  has  no  farther  effect     4  At  »^^°'*^**,^^ 
contain  SFo,  4As,  8S;  2AaS^  and  J  As  are  evolved,  and  there  remains  ^re^, 
together  with  FeUs.    The  mineral,  when  heated  to  whiteness  in  »  ^*»*^f: 
crucible  with  six  times  its  weight  of  lead,  yields  lead  free  from  iron,    t>ni 
rendered  somewhat  brittle  by  the  presence  of  arsenic  and    siilphnr,— 
together  with  a  dense,  granular,  yellowish -grey,  strongly  ma^etic  mas^ 
which  contains  67  p.  c.  iron.  25  a^enic.   and  8  sol  oh  lu^.  and  when  boiled 


^r^irailron,                         Cherrenl.      Strom^yer.  Scheerer.          Wohler. 

Fe 2^*"^^             ,•.-             ^^''-     Ciyst.  FrtUberg.  ^^*^"^.oi 

Co         *      *^     ••  •     ^  *^       •    ^'^^     •  .     3604     ....  26-62      -.      ^  ?* 

T^      ....              ....  11-57            -           4"/^ 

S   «'■;;      ••     '*^^^     ••     ^^'^^        •     '<2-88     ....  46-74      .-      -*'  I? 

- --'  ::JLn_^g_:::^_i9  Htf^^^^^ 2013    ....    2108   ....  i7-66    ....     i7-/g 

«A».FeS*              161            ,00.00    ....     98"49     ....  100  00     ...  9959      ~    lOO'ST" 


^**'-*^e  ^^i'i^^u/iV.y^j^.^rf  provisionally   indadfld    »a^r 

"'   however.  s»tisfiM?t«^-  .^i^^..^ 


isfiurtor^ 
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their  diversity  shonld  be  obtained,  the  two  names  just  mentioned  must  be 
iaissigiied  to  two  of  them,  and  a  third  name  be  found  for  the  remaining 
one. 

a,  3FeS-,  2SbS'. — Til-defined  prisms,  differing  in  form  from  those  of 
native  sulphide  of  antimony.  (Berthier.) 

Berthier. 

Chazellea. 

Ztt .      ....  ....  0-3 

3Fe    81     ....     16-77        ....         16-5 

2gb    258     ....     53-42        ....         52-0 

9S 144     ....     29-81         ....         30-3 

'  483     ....  10000        Z.        9?6 

b,  FeS,  SbS'. — Crystalline  or  composed  of  fine,  parallel  fibres;  steel- 
grey  inclining  to  bronze.  (Berthier.)  Needle-shaped,  radiating  or  massive; 
8p.  gr.  4-079;  resembles  native  sulphide  of  antimony.  (Breithaupt.) 
When  heated  in  a  closed  glass  tube,  it  decrepitates  slightly,  and  yields  a 
small  sublimate  of  sulphur.  When  roasted  in  the  air,  it  gives  off  sulphu- 
rous acid  and  fumes  of  antimony,  and  leaves  a  porous,  infusible  mass. 
On  charcoal  it  fuses  readily,  becomes  covered  with  antimonic  oxide  (and 
often  with  zinc-oxide,  distinguishable  by  the  green  colour  which  the  coat- 
ing acquires  when  moistened  with  nitrate  of  cobalt  and  strongly  ignited), 
and  leaves  an  infusible,  magnetic  residue,  which  exhibits  with  fluxes  the 
reactions  of  iron.  (Plattner,  J.  pr.  Chem.  4,  279.)  With  hydrochloric 
acid,  even  in  the  cold,  it  gives  off  sulphuretted  hydrogen,  and  dissolves 
completely ,iwith  the  exception  of  any  quartz  and  iron-pyrites  that  may  be 
present,  and  without  separation  of  sulphur.  (Berthier,  Ann,  Chim.  FhySn 
35,  351;  also  Pogg.  11,  478.) 

Ramelsberg. 

At.  Braujtfdoif. . 

Mn    ....  ....  ....  0-46     to        2*54 

Zn ....  ....  ....  trace      „        0*74 

Fe 1  ....  27     ....  12-27        ....  11-97      „      11-43 

Sb 1  ....  129     ....  58-i64        ....  5434      „      54-70 

S ;4  ....  64     ....  29-09         ....  30-57      „      3133 

220     ....     100-00        Z,        97-34  100*74 

Or:  Berthier. 

Ang;lar. 

FeS 43     ....     19-54         ....         19-4 

SbS"    177     ....     80-46        ....         80-6 

220     ....  10000        Z       1000 

3FeS,  4SbS^  —  Fibrous,  with  granular  transverse  fractore^  almost 
destitute  of  lustre;  greyish-blue.  (Berthier,  Pogg.  29,  458.) 

Bertbier. 

Matooret. 

3FeS  129     ....     15-41         ....         157 

4SbS» „ 70d     ....     84-59        ....        84-3 

837     ....  100-00        Z.       1000 

E.  Ferrous  Sulphantimoniate. — Green  vitriol  forms,  with  excess 
of  sulphantimoniate  of  sodium  {Schlvppes  salt),  a  black,  easily  decom- 
posible  precipitate  which  soon  turns  grey  on  the  filter,  and  rusty  yellow 
after  being  kept  for  some  time. 

Ferrici  salts,  under  the  samo  circumstances,  likewise  yield  a  blac 
^precipitate,  probably  Fe*S',SbS*;  if,  however,  the  ferric  salt  is  in  excess> 
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a  greenish  yellow-brown  precipitate  is  obtained,  feee  firom  ^^        -   -^p^ 
eistiog  of  a  mixtttie  of  sulphur  and  pentasulphide  of  antimony,  ^^^ 
altogether  50  per  cent  of  sulphur;  the  filtrate  oonteins  a  ferrous  ««■- 
3NaS,SbS»+3(PeH)»,SSO»)  =  3{NaO,SO^  +  6(FeO,SO»)  +  SbS»  +  3S. 

(Rammelsbeig,  Pcj^.  52,  234.) 


wind-fnmaoe.— Brittle  alloy,  rich  in  potassinnu  (Serallas.) 


Ibon  akd  Tbllubium. 

A.  Tbllubidb  op  lBOH.-.The  compound  obtained  by  reducing  ^^^^ 
tellurite  with  hydrogen  gas,  dissolves  in  hydrochloric  acid,  with  «^<»°".  , 
of  telluretted  hydrogen.     If  the  ferrous  tellurite  contains  excess  oi  »«*  » 
tellurium  is  immediately  separated.  (Benelius.) 

B.  Ferrous  Telluritb.— Formed  by  double  decomposition.     Yel- 
lowish-grey flakes.  (Benelius.) 

C.  Ferric  Tbllvritb.— Fine  yellow-coloured  flakes.  (Beraelioa-) 

D.  Ferrous  Telluratb.  —  White  precipitate,  which,  on  «P<^® 
to  the  air,  soon  turns  greenish-grey,  and  aftcowards  rust-colonrea. 
(Berselius.) 

K.  Ferric  Telluratb.— Pale  yeUow  flakes,  soluble  in  excess  of  the 
ferric  salt.  (Benelius.) 

F.  Ferrous  SuLPHOTBLLURiTB.-»Black  precipitate. 

Q.  Ferric  Sulphotblluritb. — Dark  brown  flakes,  which  cake  to- 
gether into  an  easily  fusible  mass.  This  mass,  when  heated  in  a  retort 
gives  off  a  Uuge  quantity  of  sulphur,  and  leaves  a  gtej  residue  which 
exhibits  the  metaUio  lustre.  (Berselius.) 

Iron  akd  Bismuth. 

A.  BisMUTHiDE  OP  Irok. — Brittle  alloy,  which,  even  when  it  contains 
®^tt,  .*  *<>"f**»  Pwt  of  iron,  is  attracted  by  the  magnet  (Henkel),  and 
exhibits  a  decrease  of  density.  (GeUert)— Marx  (Schw.  SS,  471)  did  not 
succeed  m  fonning  an  alloy  of  iheee  twometals. 

TOonkie.^'"'^™**  ^'  ^'^^  ^^^  Potassium.— Analogous  to  the  anti- 

Irok  ahd  Zinc. 
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and  makes  it  denser  and  very  brittle. — 2.  Iron-filings  ignited  with  ano 
oxide^  but  without  charcoal  and  nnder  a  layer  of  pounded  glass,  take  up 
a  tolerably  large  quantity  of  zinc.  (HoUunder.)  —  A  vessel  of  either 
wrought  or  cast-iron  in  which  zinc  is  continuously  melted,  becomes  cor- 
roded by  the  formation  of  an  alloy  of  zinc  and  iron.  ^HoUunder,  Schw. 
33,  41,  and  166;  Berthier,  ^nn.  Chim.  Phys.  44, 119;  Eisner,  .7.  pr.  Chmt. 
12,  d0d.)^-4.  In  the  zinkvag  of  iron-plate  by  immersing  it  in  melted  zinc, 
with  frequent  addition  of  sal-ammoniac,  an  alloy  of  zinc  and  iron  is 
deposited  at  the  bottom  of  the  fused  zinc,  in  the  form  of  a  doughy  mass, 
which  is  taken  out  from  time  to  time.  (Berthier,  Fogg.  52,  340.) 

The  alloy  a  formed  by  (3)  in  cast-iron  is  whiter  than  zinc,  and  so 
much  the  more  brittle  and  ozidable  as  it  contains  a  larger  quantity  of 
iron.  At  a  very  high  temperature,  the  whole  of  the  zinc  is  eyolved.  (Hoi- 
lunder.) — It  consists  of  warty  plates,  easily  detached  from  the  sides  of 
the  vessel,  having  a  crystalline,  shining  fracture,  very  hard  and  brittle, 
and  less  fusible  than  zinc;  it  gives  off  its  zinc  by  distillation,  and  dis- 
solves in  nitric  acid,  only  the  graphite  of  the  cast-iron  being  left  undis- 
solved. (Berthier.^ — It  has  a  density  of  6 '7,  a  fine-grained  fracture  and 
tin-white  colour.  (Eisner.)— The  alloy  (4)  has  the  outward  appearance  of 
zinc  and  is  not  magnetic,  but  harder  and  very  crystalline.  (Berthier.)— 
The  alloy  of  zinc  and  iron  formed  in  a  wrought  iron  vessel  in  the  process 
of  zinking  iron-plates  (3,/3)  is  so  brittle,  that  it  may  be  rubbed  into  crystal 
line  grains  with  the  fingers;  it  has  the  colour  of  zinc,  and  is  very  easily 
soluble  in  acetic  acid  even  when  cold.  (Berthier.) 

Bertliier.           Eisner.  Berthier. 

(3,a)                (3,a)  (4)           (3,/3) 

Zn 94-7fi      ....      93*01         ....  95-3     ....    90-1 

Fe  5-00       ....        6'24         ....  4*3     ....       9*5 

Graphite 0*24      ....       0*75        Pb  0*4    ....      0*4 

Cu  trsce    .... 

100*00      ....    100-00        Z       1000    ....  1000 

B.  Ferric  Oxide  with  Zinc-oxide. -— jPVaw^im^. — (ZnO;FeO), 
(Mn'O';  Fe*0'). — Isomorphous  with  spineUe,  &c.  Fig,  2  and  4.  Sp.  ot. 
5*09.  Scratches  apatite.  Opaque,  and  of  an  iron-black  colour;  powder 
red-brown;  magnetic,  especially  after  ignition.  Held  between  the  pla- 
tinum forceps  in  the  outer  blowpipe  flame,  it  shines  with  a  white  lights 
attended  with  emission  of  sparks  and  the  formation  of  minute  blisters  on 
the  surface,  which  may  be  seen  with  a  lens.  On  charcoal,  hy  continued 
blowing,  it  is  reduced  to  a  black  slag,  with  formation  of  a  zinc-deposit. 
With  carbonate  of  soda  on  platinum,  it  exhibits  the  re-action  of  man* 
ganese.  Dissolves  in  borax,  forming  a  red  glass  which  turns  brown  on 
cooling.  In  microcosmic  salt,  it  dissolves  less  readily  and  with  strong 
intumescence,  forming  a  yellowish-grey  fflass  which  easily  assumes  a 
milky  appearance.  Dissolves  with  difficulty  in  sulphuric  or  nitric  acid; 
easily  in  hydrochloric  acid,  with  copious  evolution  of  chlorine.  (Abich, 
Fogg,  23,  324.)  The  hydrochloric  acid  solution  contains  sesquioxide  of 
iron  with  only  a  trace  of  protoxide.  The  evolution  of  chlorine  is  remark- 
able, and,  as  ICobell  observes,  is  not  consistent  with  the  results  of  Abich's 
analysis;  but  the  calculation  given  by  Kobell  {Schw.  64,  430)  for  remov- 
ing this  difficulty  (see  the  following  table)  is  unsatisfiB^tory  :  for  the  13*82 
per  cent,  of  sesquioxide  of  manganese  therein  assumed  could  only  give 
up  1*382  p«  c.  oxygen;  but  the  18*37  p.  c.  of  protoxide  of  iron  likewise 
assumed  requires  2*098  p.  c.  oxygen,-H3o  that  there  is  not  even  enough 
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oxygen  to  convert  all  the  protoxide  into  sesqtiioxide^  t^  eay  nothing  of 
the  quantity  which  would  be  required  to  liberate  chlorine  from  the 
hydrochloric  acid. — Might  not  another  formula  be  assigned  to  Franklinit^ 
^perhaps  (ZnO;FeO),2(BIn*0»;  Fe'O*)? 

Franilinite.  Abich.  Beithier.  Kobdl. 

Caleulaiion, 

ZnO 10-81  ....  17         ....           7-02 

Mno ....  ....  6-22 

FeO 21-34  ....  ....         18-37 

Fn'O*   18-17  ....  16        ....         13-82 

Fc20»    47-62  ....  66        ....        54-57 

Al^O*    0-73  .... 

SiQ* 0-40  .... 

MgO,CdO trace  .... 

98-97     ...        99        ....       10000 

C.  Carbide  op  Iron  and  Zinc, — Formed  by  adding  zinc  to  melted 
steel  b^  small  portions  at  a  time,  because  larger  quantities  would  produce 
explosion.  The  addition  of  ^  part  of  zinc  renders  steel  brittle.  When 
the  steel  is  forged,  part  of  the  zinc  burns  away.  (Breant.) 

D.  Sulphate  op  Ferrous  Oxide  and  Zinc-oxide. — ^A  mixture  of 
ferrous  sulphate  and  zinc-sulphate  takes  the  crystalline  8haj)e  of  the  for- 
mer, if  the  quantity  of  that  substance  amounts  to  at  least  15  per  cent,  of 
the  whole;  but  if  the  quantity  of  ferrous  sulphate  be  smaller,  the  mixed 
salt  takes  the  form  of  zinc-sulphate. 

E-  Sulphate  op  Ferrous  Oxide,  Zinc-oxide,  and  Ammonia. — 
The  mixed  solution  of  ferroso-ammonic  sulphate  and  zinco-ammonio  sul- 
phate yields  pale  green  crystals  which  have  the  form  of  magnesio- 
ammonic  sulphate,  and  assume  a  yellowish  colour  on  exposure  to  the  air. 
(Bette,  Ann.  Phat^.  14,  286.) 

Bette. 

2NH»    , 34-0        ....  8-60        ....  812 

ZnO 40-^        ....  1017        ....  9-10 

FeO  350        ....  8-86         ....  10-35 

4SO" 1600        ....  40-49        ....  40*03 

l^HO  1260        ....  31-88        ....  3240 

395-2  100-00  100-00 


•  Iron  and  Tin. 

A.  Allot  of  Iron  and  Tin. — ^When  these  two  metahs  are  heated  to 
redness  together,  there  is  formed :  a.  An  alloy  of  22  pts.  tin  and  1  iron, 
pomewhat  harder  than  tin,  and  magnetic;  and  below  it :  6.  A  compound  of 
2  pts.  iron  and  1  pt.  tin,  which  is  white,  veiy  hard,  slightly  malleable,  and 
difficult  of  fusion.  (Bergman.) — Tinned  Iron-plate.— In  the  daily  distilla- 
tion of  the  silvering  of  mirrors  in  a  cast-iron  retort  for  the  purpose  of 
regaining  the  mercury,  an  alloy  of  tin  and  iron  is  formed,  amounting  to 
between  1  and  2  per  cent,  of  the  tin  obtained :  when  the  tin  is  poured  out  of 
the  retort,  this  alloy  partly  floats  upon  it  in  scales,  and  is  partly  deposited 
at  the  bottom  in  the  form  of  a  doughy  mass.  It  may  be  freed  from  the  pure 
tin  which  adheres  to  it,  either  by  boiling  with  hydrochloric  acid  which 
dissolves  the  latter,  or  by  treating  it  with  nitric  acid,  by  which  the  free 
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tin  is  oxidized  while  the  alloy  is  not  attacked.     When  thas  purified,  it 

has  the  form  of  shining  square  needles,  of  specific  gravi^  8*733,  brittle, 

and  fusing  at  an  incipient  white  heat.     The  powder  of  this  compound, 

when  thrown  into  the  flame  of  a  candle,  burns  with  emission  of  sparks 

and  a  white  smoke.     It  does  not  rust  in  the  air,  when  moistened  with 

water.     It  is  not  attacked  by  nitric  acid  at  any  temperature  or  any 

degree  of  concentration;  it  dissolves  slowly  in  boinng  hydrochloric  acid; 

but  rapidly  and   completely,   and  with  violent  action^  in   aqua-regia. 

(Lassaigne,  J.  Chim.  Mid,  6,  609.) 

Lassugne. 

3Fe 81        ....        57-86        ....        57-9 

Sn 59         ....        42-14         ....         42*1 

Fe»Sn  140        ....       10000        ....       1000 

B.  Carbide  of  Tin  and  Iron. — Tin  impairs  the  quality  of  steel. 
(Faraday  &  Stodart,) 


Iron  and  Lead. 

Allot. — The  two  metals  unite  with  difficulty  when  fused  together, 
forming  two  alloys,  arranged  one  above  the  other,  the  lower  containing 
but  very  little  iron,  and  the  upper  but  a  very  small  quantity  of  lead. 
(Morveau.) — By  reducing  a  slag  containing  lead  and  iron  in  a  crucible 
lined  with  charcoal,  Biewend  (J.  pr.  Chem.  23,  252)  obtained  a  well-fused 
alloy,  which  was  hard,  almost  perfectly  brittle,  lustrous,  and  magnetic : 
it  had  a  light  steel-grey  colour,  a  fine-grained  laminar  fracture,  and 
contained  96*76  per  cent,  of  iron  and  3*24  of  lead. 


Other  Compounds  of  Iron. 

With  Cobalt,    Nickel,  Copper,    Mercury,  Silver,  Gold,   Platinnmy 
Palladium,  Rhodium^  and  Osmium. 
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G.  Brandt,  Act.  Up^al,  1735,  33. 

Taflsaert,  Scher,  «/.  3,  555,  and  562. 

Bucholz,  Scher.  J,  10,  10. 

Th^nard,  Scher.  J.  10,  422. 

Proust,  Joum.  Phy9.  63,  421;  also  N.  Oehl.  3,  410. 

Laugier,  Ann.  Chim.  Phyi.  9,  267;  also  N.  Tr.  3,  2,  93. 

Berzelius,  Pogg.  1,  26,  and  198;  7,  27,  146,  276,  and  287. 

Winkelblech,  Ann,  Pharm.  13,  148,  and  253;  also  J.pr,  Chem,  6,  62. 


Stnontmbs.    Kobalt,  Eohold,  CobaUum, 

ffiitory.'^li/LKaj  antique  blue  fflass-fluxes  (most  of  them  are  coloured 
with  oxide  of  copper)  contain  oxide  of  cobalt  Vid.  Fourier  {Ann.  Chi$n, 
Phy9.  79,  378).  Cobalt  is  likewise  found  in  the  colours  of  the  ancient 
Greeks.  (Landerer,  Eeperi.  73,  380.)  From  the  sixteenth  century,  ores 
of  cobalt  have  been  used  for  the  preparation  of  smalt.  Brandt,  in  1733, 
first  extracted  the  metal  from  its  ores,  though  in  an  impure  state. 

SoureeB.'-^oMi  is  not  yerj  abundant;  it  occurs  in  meteoric-iron;  as 
sulphate  of  the  protoxide;  as  arseniate  of  the  protoxide  (Cohaltrblocm); 
as  a  compound  of  peroxide  of  manganese  with  protoxide  ot  cobalt  {Black 
JEarthy  Ccbalt);  as  arsenide  of  cobalt  {Tin-white  cobalt  or  Smaltine);  as 
isulpharsenide  of  cobalt  {Cobalt-glance).  Moreover,  it  occurs  in  rery 
small  quantities  in  other  minerals,  e.  g.  in  Selenide  of  Lead,  in  Cerite 
(Berzelius,  JaJirefber,  15,  214),  and  in  Flemish  coal.  (Kuhlmann,  Ann^ 
Pharm.  38,  45.) 

Preparation. — ^Principally  from  Tin-white  cobalt  and  Cobalt-glance, 
and  the  impure  arseniate  obtained  by  roasting  these  ores.  The  roasted 
product  generally  also  contains  bismuth,  tin,  copper,  manganese,  nickel, 
and  iron  m  the  state  of  oxides;  when  prepared  on  the  large  scale,  it  is 
mixed  with  twice  its  weight  of  quartz-sand,  and  put  into  casks,  and  in 
that  state  is  sent  into  the  market  under  the  name  of  Zaffra^  Zafery  or 
Safflor.  The  Cobalt-glance  and  Tin-white  cobalt  are  usually  dissolved  in 
nitric  acid,  or  in  dilute  sulphuric  or  hydrochloric  acid  to  which  a  little 
nitric  acid  has  been  added;  the  thoroughly  roasted  ore  (which,  however,  is 
more  difficult  to  dissolve  than  before  roastmg)  and  Eitfthy  cobalt  do  not 
require  the  addition  of  nitric  acid. 

1.  The  roasted  cobalt-ore  is  dissolved  in  nitric  acid;  the  filtered 
solution  evaporated  nearly  to  dryness,  whereupon  a  large  quantity  of 
arsenious  acid  separates  out;  the  liquid  laigely  diluted,  separated  uom 
the  arsenious  acid,  and  treated  with  sulphuretted  hydrogen  as  long  as 


COBALT»  317 

the  snlpliides  of  arsenic,  copper,  and  bbmnth  (together  with  tin)  continne 
to  be  precipitated.  The  solution  is  then  filtered,  and  heated  till  the 
excess  of  sulphuretted  hydrogen  is  expelled  and  the  protoxide  of  iron 
converted  into  sesquioxide;  and  carbonate  of  soda  is  added  in  excess, 
while  the  liqnid  is  hot,  to  precipitate  the  nickel  and  cobalt  in  the  form  of 
carbonates,  and  the  iron  in  the  form  of  sesquioxide.  The  precipitate  is 
then  well  washed  and  digested  with  excess  of  aqueous  oxalic  acid;  the 
soluble  ferric  oxalate  separated  by  filtration  from  the  oxalates  of  nickel 
and  cobalt,  which  are  insoluble  even  in  excess  of  oxalic  acid,  and  the 
latter  salts  triturated  with  dilute  ammonia  (it  should  be  strong  ammonia 
according  to  Stromejer)  and  dissolved  in  excess  of  the  ammonia,  bj 

X'ation  and  gentle  heating  in  a  close  vessel.  The  filtered  solution, 
r  exposure  to  the  air  for  several  days^  deposits  the  oxide  of  nickel  in 
combination  with  oxalic  acid  and  a  sniall  quantity  of  ammonia,  while 
pure  oxalate  of  cobalt  remains  in  solution.  (The  oxalate  of  nickel  sepa* 
rated  as  above  may  be  freed  from  the  small  quantity  of  cobalt-salt  which 
falls  down  with  it,  by  washing  with  water,  re-dissolving  in  ammonia, 
exposing  the  liquid  to  the  air,  and  separating  the  solution  which  contains 
the  cobalt  from  the  nickel-precipitate,  the  purity  of  which  increases  at 
each  repetition  of  the  process.)  The  residue  obtained  by  evaporating 
the  ammoniacal  solution  of  the  oxalate,  yields  sesquioxide  of  cobalt  when 
ignited  in  the  air,  and  metallic  cobalt  if  ignited  out  of  contact  of  air. 
(Laugier.)  The  liquid,  after  precipitation  by  sulphuretted  hydrogen, 
may  also,  after  sufficient  boiling,  be  diluted  with  a  large  Quantity  of 
water  and  gradually  mixed  with  carbonate  of  soda  (Stromeyer  s  process), 
stirring  all  the  while,  till  the  precipitate  is  no  longer  red-brown,  but 
permanently  red*;  if  the  proportion  be  rightly  adjusted,  the  whole  oi  the 
ferric  oxide  is  precipitated,  and  the  protoxides  of  nickel  and  cobalt  remain 
in  the  solution,  from  which  they  may  be  precipitated  by  boiling  with 
excess  of  carbonate  of  soda,  and  treated  with  oxalic  acid,  according  to 
Laugier's  method. 

2.  Unroasted  cobalt-ore  is  dissolved  in  nitric  acid;  the  solution 
evaporated  to  dryness;  the  residue  dissolved  in  water;  carbonate  of  soda 
added  with  constant  agitation  to  the  diluted  filtrate,  till  the  cobalt  begins 
to  fall  down  together  with  the  other  metals  (this  will  be  indicated  by  the 
red  colour  of  the  precipitate);  the  liquid  filtered  from  the  arseniate  of 
ferric  oxide;  and  a  hot  saturated  solution  of  acid  oxalate  of  potash  added 
to  it.  The  whole  of  the  cobalt  is  thereby  precipitated  in  a  few  hours,  in 
the  form  of  oxalate,  while  all  the  iron  and  arsenic,  and  the  greater  part 
of  the  nickel,  remain  in  solution.  Should  the  precipitate  likewise  contain 
arseniate  of  cobalt-oxide,  the  latter  may  be  removed  by  dilute  nitric  acid, 
in  which  the  acid  oxalate  is  not  soluble.  The  oxalate  may  be  freed  from 
nickel  by  Laugier*s  process  (1);  since,  however,  the  quantity  of  nickel  is 
but  small,  it  may  likewise  be  extracted  by  digesting  the  precipitate  in  a 
small  quantity  of  hot  aqueous  ammonia  which  dissolves  the  nickel-oxalate 
in  prerorence  to  the  cobalt-oxalate,  and  forms  a  blue  solution,  (Quesne- 
ville,  «7.  Fharm.  15,  291,  and  441.)  The  filtrate,  after  being  mixed  with 
the  acid  oxalate  of  potash,  should  be  boiled  in  order  that  the  cobalt- 

Y  *  A  modification  of  this  method,  which  oonsifCs  in  mixing  the  cobalt  lolation 
with  (eUtinoQi  hydnte  of  cobalt  oxide,  or  partially  precipitsdiig  it  with  carbonate  of 
potash  or  acda,  and  then  boiling  for  some  time — whereby  &e  iron  is  completely  precipi- 
tated, and  the  cobalt  takes  its  place  in  the  solution — is  recommended  by  Louyet  (TmtU. 
1849,  206). — ^The  same  method  has  long  been  used  for  the  separation  of  manganese 
from  iron. 
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oxalate  may  scftile  down,  more  qaickly;  the  precipitate  is  ooAtatotoated 
with  a  small  quantity  of  cnpric  oxalate,  which,  after  ignition  and  solution 
in  hydrochloric  acid,  may  be  removed  by  sulphuretted  hydrogen.  (Hess, 
Fogg.  26,  542.) 

;).  The  nitric  add  solution  of  the  roasted  ore,  after  being  filtered  and 
diluted  with  a  proper  Quantity  of  water,  is  saturated  with  hydrosulphnrie 
acid — filtered  again — ooiled — ^precipitated  by  carbonate  of  potash — 
filtered  from  sesquioxide  of  iron,  and  diluted  with  water;  a  small  quantity 
of  sal-ammoniac  is  now  added,  then  potash,  and  the  liquid  is  boiled  till  a 
filtered  sample  no  longer  gives  a  precipitate  with  potash.  The  red 
cobalt-solution  is  then  filtered  ofi*,  and  yields  sesquioxide  of  cobalt  oa 
evaporation.  (Wittstein,  Repert,  57,  226.) 

4.  To  avoid  the  tedious  passing  of  sulphuretted  hydrogen  through  the 
liquid,  the  arsenic  acid  may  be  precipitated  by  first  mixing  the  dilute 
solution  with  a  ferric  salt,  and  then  adding  carbonate  of  potash  in  small 
successive  portions  and  with  constant  agitation,  as  long  as  the  precipitate 
continues  to  exhibit  a  white  or  brownish  colour  (arseniate  of  ferric  oxide); 
till,  in  short,  a  filtered  sample  of  the  liquid  gives  a  reddish  precipitate 
with  a  small  quantity  of  carbonate  of  potash.  If  the  quantity  of  ferric 
oxide  be  sufficient,  and  the  proportion  of  carbonate  of  potash  rightly 
adjusted,  the  whole  of  the  arsenic  acid  and  ferric  oxide  may  be  precipi-* 
tated.  If  the  copper  and  bismuth  be  then  removed  by  sulphuretted 
hydrogen,  it  only  remains  to  separate  the  nickel  from  the  cobalt.  (Ber- 
thier.) 

5.  Finely  pounded  cobalt-ore  is  carefully  roasted,  and  1  pt.  of  it 
added  in  successive  small  portions  to  3  pts.  of  bisulphate  of  potash 
heatdd  to  the  melting  point  in  an  earthen  or  cast-iron  crucible.  The 
mass,  which  is  thereby  rendered  pasty,  is  then  more  strongly  heated  till 
it  fuses  quietly  and  no  longer  gives  off  fumes  of  sulphuric  acid,  as  it  ia 
necessary  to  drive  aiway  the  excess  of  that  acid.  The  mass,  while  yet 
liquid,  is  then  taken  out  of  the  crucible  with  an  iron  spoon — broken  to 
pieces  after  cooling — dissolved  in  boiling  water,  and  filtered  from  the 
arseniates  of  ferric  oxide  and  cobalt-oxide,  which  are  not  soluble  in  a 
neutral  liquid.  Sulphuretted  hydrogen  is  then  passed  through  the  filtrate 
to  throw  down  any  antimony,  bismuth,  or  copper  that  may  be  present — 
the  liquid  again  filtered,  and  pure  carbonate  of  cobalt-oxide  precipitated 
by  carbonate  of  potash.  To  prevent  the  formation  of  arseniate  of  cobalt- 
oxide,  the  roasted  cobalt-ore,  before  fusion  with  sulphate  of  potash,  may 
be  mixed  with  a  small  quantity  of  green  vitriol,  so  that  the  arsenic  acid 
may  combine  with  the  oxide  of  iron  contained  in  that  salt  in  preference 
to  the  oxide  of  cobalt.  No  nickel  is  taken  up  by  the  liquid,  because  the 
nickel-sulphate  is  decomposed  at  a  red  heat  [not  so,  however,  the 
sulphate  of  nickel-oxide  and  potash,  unless  the  heat  applied  is  very 
strong].  The  solution  retains  but  a  trace  of  iron  at  the  utmost.  (Liebig, 
Fogg.  18,  164.) 

6.  One  part  of  pulverized  Tin-white  cobalt  or  Cobalt-glance  is  fused 
in  a  covered  earthen  crucible  with  3  pts.  of  carbonate  of  potash  and 
3  pts.  of  sulphur,  at  so  gentle  a  heat  that  the  sulphide  of  cobalt  does  not 
fuse,  but  remains  in  the  form  of  a  crystalline  powder  (if  it  fuses  it 
becomes  more  difficult  to  wash).  It  is  then  freed  from  sulpharseniate  of 
potassium  by  repeated  exhaustion  with  water  and  decantation;  again 
treated  with  carbonate  of  potash  and  sulphur,  and  then  with  water  to 
remove  the  rest  of  the  arsenic;  afterwards  dissolved  in  nitric  acid  or  in 
dilute  sulphuric  acid  mixed  with  nitric;  and  the  solution  precipitated 
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with  carbonate  of  soda.  (W5bler,  Fogg.  6,  827.)  According  to  Hermb- 
stadt  (Schw,  31,  105),  the  greater  part  of  the  arsenic  may  likewise  be 
removed  by  deflagrating  the  cobalt-glance  with  8  pts.  of  nitre,  and 
exhausting  the  fused  mass  with  hot  water.  The  remainder  is  then  to  be 
dissolved  in  hot  nitric  acid,  whereupon,  a  small  quantity  of  ferric  oxide 
remains  undissolved — the  copper  precipitated  by  iron — the  liquid  super- 
saturated with  carbonate  of  ammonia — filtered  from  the  iron  precipitate—* 
concentrated  by  evaporation,  during  which  process  a  considerable  quan- 
tity of  iron  is  precipitated — then  again  filtered,  and  evaporated  to  perfect 
dryness,  and  the  residue  ignited. 

7.  To  obtain  cobalt  from  the  black  earthy  cobalt-ore,  the  mineral  iff 
dissolved  in  hydrochloric  acid;  the  arsenic,  antimony,  lead,  and  copper 
precipitated  by  sulphuretted  hydrogen;  the  filtrate  boiled  with  nitric  acid 
to  promote  the  further  oxidation  of  the  iron;  the  iron  precipitated  by 
boiling  with  acetate  of  soda;  and  the  cobalt  separated  from  the  filtrate  by 
sulphuretted  hydrogen,  which  leaves  the  acetate  of  mauganous  oxide 
undecomposed.  The  precipitate  is  perfectly  free  from  nickel,  but  contains 
a  trace  of  zinc.  The  liquid,  freed  from  arsenic  and  copper  by  sulphuretted 
hydrogen,  may  likewise  be  precipitated  by  sulphide  of  potassium  or 
sulphide  of  barium,  and  the  washed  precipitate  treated  with  cold,  dilute 
hydrochloric  acid,  which  dissolves  the  sulphides  of  manganese,  zinc,  and 
iron,  and  leaves  all  the  sulphide  of  cobalt  undissolved.  (Wackenroder, 
N.Br,  Arch.  16,  \ZZ,) 

Special  modes  of  separation  from  particular  metals: 

a.  From  Nickel. — 1.  By  oxalic  acid  and  ammonia  according  to 
Laugier*6  method  1.  (p.  317.) — 2.  The  solution  of  the  two  oxides  in 
excess  of  acid  is  supersaturated  with  ammonia,  diluted  with  a  large 
quantity  of  water,  and  mixed  with  caustic  potash,  which  precipitates  the 
oxide  of  nickel;  on  evaporating  the  filtrate,  the  cobalt  separates  in  the 
form  of  sesquioxide.  (Phillips.) — If  the  water  has  not  been  sutficiently 
freed  from  air  by  boiling,  or  if  the  liauid,  after  the  addition  of  potash,  is 
not  kept  in  a  closed  vessel,  sesquioxide  of  cobalt  is  precipitated  together 
with  the  oxide  of  nickel.  (Berzelius.) — 3.  The  nitric  or  hydrochloric  acid 
solution  of  the  two  oxides  is  mixed  with  a  quantity  of  metaphosphoric 
acid  sufiicient  to  saturate  them,  and  ammonia  added  tiU  the  precipitate  at 
first  produced  is  re-dissolved,  after  which  the  mixture  is  exposed  to  the 
air  for  a  considerable  time.  (Persoz,  Ann.  Chim.  Phys.  56,  833;  also 
Pogg*  33,  346.) — 4.  Since  cyanide  of  nickel  and  potassium  is  decomposed 
by  acids,  and  cyanide  of  cobalt  and  potassium  is  not,  the  separation  may 
be  efiected  by  suiding  cyanide  of  potassium  to  the  acidulated  solution  of  the 
two  metals,  till  the  precipitate  re- dissolves,  heating  gently  to  induce  the 
formation  of  sesquicyanide  of  cobalt  and  potassium,  mixing  the  liquid, 
after  cooling,  with  dilute  sulphuric  acid,  and  filtering.  The  filtrate, 
contains  pure  cobalt  in  the  form  of  cyanide  of  cobalt  and  potassium :  it  is 
mixed  with  nitre,  evaporated  and  ignited,  and  the  residue  exhajisted  with 
water,  which  leaves  the  cobalt  in  the  form  of  sesquioxide.  The  precipi- 
tate on  the  filter  consists  of  sesquicyanide  of  cobalt  and  nickel;  it  may  be- 
decomposed  by  caustic  potash  or  carbonate  of  potash  into  soluble  cyanide 
of  cobalt  and  potassium,  and  insoluble  hydrate  or  carbonate  of  nickel- 
oxide.  ^Liebig,  Ann.  Pliarm.  41,  291.) — 5.  The  oxides  of  the  two  metals 
are  maae  to  combine  with  sulphuric  acid  and  potash,  and  the  solution  left 
to  crvstallize,  whereupon  the  less  soluble  sulphate  of  nickel-oxide  and 
potash  separates  out  first,  and  the  sulphate  of  cobalt-oxide  and  potash 
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•wjIimmmI  III  (i  Vi»iy  niiu  powdur  by  lovigation,  is  then  added  to  the  solation 

hI»iIi«  v»«I  wiinii.  wluiipliy  tlic  whole  of  the  nickel  is  precipitated,  parUy 

Hi  ii^hln,  |itu'lly  liM  ityiiiililti,  tho  morcury  taking  its  place  in  the  solution. 

11  Out  hi|Mhl  WHM  iimiiml  hoforo  the  addition  of  the  men^nrio  oxide,  it 

liiMMtMioM  Hlkuliim   whi^u  ktkilod   with  that  substance.      The  precipitate 

«>mUiUuii  Ihtt  wliMlDuf  UiD  iiiok^l  with  excess  of  mercuric  oxide:   after 

JjH*iiOMij  Hutl  iMuuiuii,  it  vit^KU  purt>  oxide  of  nickel  free  from  cobalt. 

U«(i  tllUMi^l  \U\\\{s\  xs\\\tm\*  M  tho  iHihalt  in  the  form  of  seeouicyamde  of 

^\^U\\  ^\\\\  \\\^\^^M\^m.     U  in  nui^^riuiluratotl  with  acetic  add,  and  preci- 

\\\HW\\  Hi  H  hs^Uw^  h^i  with  Mu0  vitrioK  and  the  precipitate,  which 

sy^K\SM\.u  s^t  ONHm^o  KKl^  ^vlvilt  Hiul  ^^>|»|w  (roW.3Cu.7HO),  kept  at  thai 

l^v^^^v^^t^^v  \\\  tK«»  Us^uul,  u\\  ii  h^  K^  it»  irlutinons  chaiMter.     It  is 

Ihvw  ^H»U^sL  siv^sl  hmnI  ^wii^sl;  du^^^h^l  la  hVirwhlorie  add,  to  wl 

jKkv^w^jvst  KwUx^NU.  i^^K^  tK\v  L^^uu(^-^WKvUa^  fwra  miaatetoe 
^^,x  »^U<hmvMss^  K^vU\'<N^-    *wi\v4  wtih  K»i!iir^  «a«$<«c  p«?4»k  lo 


__, ,_  t^  fev^  B  finMB 
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cUorine  gas  passed  throngli  it,  till  the  liqaid  is  completelj  saturated  and 
the  upper  part  of  the  vessel  filled  with  the  gas.  Carbonate  of  baryta  is  then 
added  in  excess;  the  whole  left  to  stand  in  the  cold  for  12  or  18  hours 
and  frequently  agitated;  and  the  precipitated  sesquioxide  of  cobalt, 
together  with  the  excess  of  carbonate  of  baiyta,  collected  on  a  filter* 
The  precipitate,  after  washing  with  cold  water,  is  dissolved  in  hot  hydro- 
chloric acid;  the  barjrta  removed  by  sulphuric  acid;  and  the  cobalt  preci- 
pitated, in  the  form  of  protoxide,  by  caustic  potash.  The  liquid  fiHered 
from  the  sesquioxide  of  cobalt  and  carbonate  of  baryt-a  contains  nothing 
but  baryta  and  nickel;  the  baryta  may  be  precipitated  by  sulphuric 
acid,  and  then  the  nickel  by  caustic  potash.  (H.  Rose,  Fogg.  71,  545; 
Ann.Fharm.  64,  411.)  IT 

b.  From  Manganese, — 1.  The  acid  solution  supersaturated  with  am- 
monia,  deposits  the  greater  part,  but  not  the  whole,  of  the  manganese,  in 
the  form  of  black  oxide. — 2.  The  protoxides  of  the  two  metals  are  preci- 
pitated by  boiling  with  carbonate  of  soda,  the  precipitate  washed,  and 
then  heated  with  solution  of  potash  and  hydrocyanic  acid.     Part  of  the 
manganese  remains  undissolved :  the  solution  contains  cobalt  in  the  form 
of  cyanide  of  cobalt  and  potassium,  together  with  cyanide  of  manganese 
and  potassium.     The  latter  is  decomposed,  with  separation  of  manganic 
oxide,  by  repeatedly  evaporating  the  solution  to  dryness  and  re-dissolv- 
ing, in  water;  the  former  remains  unaltered,  and  may  be  removed  by 
filtration.  (Gmelin.) — The  solution  of  the  mixed  oxides  is  treated  as  in 
the  fourth  method  (Liebig's)  of  separating  cobalt  from  nickel;  on  super- 
saturating with  cyanide  of  potassium,  the  greater  part  of  the  manganese 
remains  undissolved  in  the  form  of  cvanide;  the  filtrate  is  decomposed,  as 
already  described,  by  dilute  sulphuric  acid.  (Liebi^.) — 4.  The  acid  solu- 
tion of  the  two  metals  is  mixed  with  a  quantity  of  acetate  of  soda  suffi- 
cient to  convert  the  whole  of  the  cobalt  and  manganese  into  acetates; 
the  cobalt  precipitated  by  sulphuretted  hydrogen;  and  the  sulphide  of 
cobalt  washed  with  sulphuretted  hydrogen  water  to  prevent  the  cobalt 
from  oxidizing  and  re-dissolving.     The  whole  of  the  manganese  remains 
in  solution;  if,  however,  the  acetic  acid  is  in  very  great  excess,  the  filtrate 
may  still  contain  a  small  quantity  of  cobalt;    if  so,  the  excess  of  acid 
must  be  expelled  by  evaporation,  and  the  remainder  of  the  cobalt  preci- 
pitated by  again  treating  the  liquid  with  sulphuretted  hydrogen. — Or 
the  solution  of  the  two  metals,  not  containing  too  great  an  excess  of 
acid,  may  be  precipitated  by  sulphide  of  ammonium,  and  acetic  acid  (or 
hydrochloric:  J7.  JRose)  added  in  excess;  the  sulphide  of  manganese  will 
then  dissolve,  and,  after  a  few  minutes,  the  sulphide  of  cobalt  may  be 
thrown  on  a  filter.     Should  the  filtrate  3rield  with  sulphide  of  ammonium 
a  black  instead  of  a  fiesh-coloured  precipitate,  the  process  of  separation 
must  be  repeated.    (Wackenroder,  ^.  Br,  Arch,  16,  130.)  —  IT  5.  The 
oxides  of  the  two  metals  are  precipitated  from  the  mixed  solution  by 
caustic  potash,  then  washed  and  dried,  and  afterwards  heated  to  low  red- 
ness in  a  tube  through  which  a  stream  of  sulphuretted  hydrogen  is  passed, 
the  flow  of  gas  being  continued  till  the  tube  is  cold.     1h$  oxides  are 
thereby  converted  into  sulphides,  which  are  then  digested  for  some  hours 
in  cold  water  acidulated  with  hydrochloric  acid;  the  manganese  dissolves 
and  the  sulphide  of  cobalt  is  left  behind.     The  same  method  may  be 
applied  to  separate  nickel  from  manganese.  (Ebelmen,  N.  Ann.  Chim. 
Fkys,  25,  92.)  IT 

The  reduction  of  the  protoxide  or  sesquioxide  is  effected:  1.  In  a 
crucible  lined  with  charcoiu — ^more  easily  indeed  than  that  of  the  refrac- 
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remains  in  solution.  (Proust.)  Repeated  ciystanisation  is,  loweTer, 
often  necessary  to  separate  the  whole  of  the  nickel-salt  from  the  cohalt- 
salt  (the  purification  is  complete  when  the  mother  liquid  of  the  niekeU 
salt  exhibits  a  pure  green  colour),  and  to  free  the  whole  of  the  cobalt 
solution  from  admixture  of  n]ckel--6alt. 

^.  Liebig*s  mode  of  separation  bj  cjanide  of  potassium  and  hydro- 
chloric or  sulphuric  acid  has  since  been  found,  both  by  himself  and  otfaersiy 
not  to  give  perfectly  satisftu^ry  results.  Thus,  T.  H.  Henry  (Ckem.  Gaz, 
1847,  170)  finds  that  a  solution  of  cyanide  of  cobalt  and  potassium  boiled 
for  some  time  with  hydrochloric  acid,  or  evaporated  nearly  to  dryness 
with  sulphuric  acid,  gives  ofi*  hydrocyanic  acid,  and  is  decomposed  in 
such  a  manner,  that  alkalis  afterwards  produce  in  it  a  precipitate  of 
sesquioxide  of  cobalt :  hence  the  nickel-salt  obtained  by  method  (4) 
always  contains  cobalt.  The  following  method,  likewise  devised  by 
Liebi^  is  free  from  this  objection,  and  gives  perfectly  satisfactory  results. 
•—6.  The  oxides  of  the  two  metals  are  treated  with  hydrocyanic  acid, 
then  with  potash,  and  the  liquid  warmed  till  the  whole  is  dissolved; 
(pure  cyanide  of  potassium  free  from  cyanate  of  potash  may  likewise  be 
used).  The  reddish-yellow  solution  is  heated  to  the  boiling  point  to 
expel  the  free  hydrocyanic  acid,  whereupon  the  protocyanide  of  cobalt 
and  potassium  (CoCy,£Cy)  is  converted  into  the  corresponding  sesqni- 
compound  (Co'Cy',dK),  and  the  nickel  remains  in  the  solution  in  the 
form  of  cyanide  of  nickel  and  potassium.  Pure  protoxide  of  mercury, 
reduced  to  a  very  fine  powder  by  levigation,  is  then  added  to  the  solution 
while  yet  warm,  whereby  the  whole  of  the  nickel  is  precipitated,  partly 
as  oxide,  partly  as  cyanide,  the  mercury  taking  its  place  in  the  solution. 
If  the  liquid  was  neutral  before  the  addition  of  the  mercuric  oxide,  it 
becomes  alkaline  when  boiled  with  that  substance.  The  precipitate 
contains  the  whole  of  the  nickel  with  excess  of  mercuric  oxide :  after 
washing  and  ignition,  it  yields  pure  oxide  of  nickel  free  from  cobalt. 
The  filtered  liquid  contains  all  the  cobalt  in  the  form  of  sesquicyanide  of 
cobalt  and  potassium.  It  is  supersaturated  with  acetic  acid,  and  preci- 
pitated at  a  boiling  heat  with  blue  vitriol,  and  the  precipitate,  which 
consists  of  cyanide  of  cobalt  and  copper  (CoK?yS3Cu,7HO),  kept  at  that 
temperature  in  the  liquid,  till  it  has  lost  its  glutinous  character.  It  is 
then  washed,  dried,  and  ignited;  dissolved  in  hydrochloric  acid,  to  which 
a  small  quantity  of  nitric  acid  is  added;  the  copper  precipitated  by  sul- 
phuretted hydrogen;  and  the  liquid — after  boiling  for  a  minute  to  expel 
the  sulphuretted  hydrogen — ^mixed  with  boiling  caustic  potash  to  preci- 
pitate tne  cobalt.  The  precipitate,  well  washed  to  free  it  from  potash, 
and  afterwards  dried  and  ignited,  yields  pure  sesquioxide  of  cobalt.* 
(Liebig,  Ann,  Pharm,  65,  244;  L.  and  K.  Jahretber,  I.,  971.) 

7.  A  solution  of  protochloride  of  cobalt  mixed  with  free  hydrochloric 
acid,  is  completely  converted  into  sesquichloride  by  the  action  of  chlorine 
gas,  whereas  the  chloride  of  nickel  remains  unaltered  when  treated  with 
that  agent.  The  solution  of  the  mixed  chlorides  containing  a  consider- 
able quantity  of  free  hydrochloric  acid  is  largely  diluted  wiu  water,  and 

*  In  applying  this  method  to  qoantitatiTe  axudynfl,  the  cobalt  may  either  be  deter- 
mined directly  by  separating  the  oxide  in  the  manner  just  described,  and  then  reducing 
it  by  hydrogen ;— K>r  the  precipitate  of  cyanide  of  cobalt  and  copper  may  be  digested  in 
caustic  potash,  which  will  dissolve  the  cobalt,  and  leave  tlie  copper  in  the  form  of  copric 
oxide,  and  from  the  quantity  of  the  latter,  that  of  the  cobalt  may  be  calculated.  A  still 
greater  simplification  may  be  made  by  weighing  the  mixed  oxides  (or  the  mixed  metals 
reduced  by  hydrogen)  before  applying  the  process  of  separation,  and  then  merely  deter« 
mining  the  quantity  of  the  nickel. 
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cUorine  gas  passed  through  it,  till  the  liquid  is  completely  saturated  and 
the  upper  part  of  the  vessel  filled  with  the  gas.  Carbonate  of  baryta  is  then 
added  in  excess;  the  whole  left  to  stand  in  the  cold  for  12  or  18  hours 
and  frequently  agitated;  and  the  precipitated  sesquioxide  of  cobalt, 
together  with  the  excess  of  carbonate  of  baryta,  collected  on  a  filter* 
The  precipitate,  after  washing  with  cold  water,  is  dissolved  in  hot  hydro- 
chloric acid;  the  baryta  removed  by  sulphuric  acid;  and  the  cobalt  preci- 
pitated, in  the  form  of  protoxide,  oy  caustic  potash.  The  liquid  filtered 
from  the  sesquioxide  of  cobalt  and  carbonate  of  baryta  contains  nothing 
but  baryta  and  nickel;  the  baryta  may  be  precipitated  by  sulphuric 
acid,  and  then  the  nickel  by  caustic  potash.  (H.  Rose,  Fogg.  71,  545; 
Ann,  Fharm.  64,  411.)  IT 

h.  From  Manganese, — 1.  The  acid  solution  supersaturated  with  am* 
monia,  deposits  the  greater  part,  but  not  the  whole,  of  the  manganese,  in 
the  form  of  black  oxide. — 2.  The  protoxides  of  the  two  metals  are  preci- 
pitated by  boiling  with  carbonate  of  soda,  the  precipitate  washed,  and 
then  heated  with  solution  of  potash  aud  hydrocyanic  acid.  Part  of  the 
manganese  remains  undissolved :  the  solution  contains  cobalt  in  the  form 
of  cyanide  of  cobalt  and  potassium,  together  with  cyanide  of  manganese 
and  potassium.  The  latter  is  decomposed,  with  separation  of  manganic 
oxide,  by  repeatedly  evaporating  the  solution  to  dryness  and  re-dissolv- 
ing, in  water;  the  former  remains  unaltered,  and  may  be  removed  by 
filtration.  (Gmelin.) — The  solution  of  the  mixed  oxides  is  treated  as  in 
the  fourth  method  (Liebig's)  of  separating  cobalt  from  nickel;  on  super- 
saturating with  cyanide  of  potassium,  the  greater  part  of  the  manganese 
remains  undissolved  in  the  form  of  cyanide;  the  filtrate  is  decomposed,  as 
already  described,  by  dilute  sulphuric  acid.  (Liebiff.) — 4.  The  acid  solu- 
tion of  the  two  metals  is  mixed  with  a  quantity  oi  acetate  of  soda  suffi- 
cient to  convert  the  whole  of  the  cobalt  and  manganese  into  acetates; 
the  cobalt  precipitated  by  sulphuretted  hydrogen;  and  the  sulphide  of 
cobalt  washed  with  sulphuretted  hydrogen  water  to  prevent  the  cobalt 
from  oxidizing  and  re-dissolving.  The  whole  of  the  manganese  remains 
in  solution;  if,  however,  the  acetic  acid  is  in  very  great  excess,  the  filtrate 
may  still  contain  a  small  quantity  of  cobalt;  if  so,  the  excess  of  acid 
must  be  expelled  by  evaporation,  and  the  remainder  of  the  cobalt  preci- 
pitated by  again  treating  the  liquid  with  sulphuretted  hydrogen. — Or 
the  solution  of  the  two  metals,  not  containing  too  great  an  excess  of 
acid,  may  be  precipitated  by  sulphide  of  ammonium,  and  acetic  acid  (or 
hydrochloric:  H.  Rose)  added  in  excess;  the  sulphide  of  manganese  will 
then  dissolve,  and,  after  a  few  minutes,  the  sulphide  of  cobalt  ma^  be 
thrown  on  a  filter.  Should  the  filtrate  yield  with  sulphide  of  ammonium 
a  black  instead  of  a  flesh-coloured  precipitate,  the  process  of  separation 
must  be  repeated.  (Wackenroder,  iV.  Br,  Arch,  16,  130.)  —  IT  5.  The 
oxides  of  the  two  metals  are  precipitated  from  the  mixed  solution  by 
caustic  potash,  then  washed  and  dried,  and  afterwards  heated  to  low  red- 
ness in  a  tube  through  which  a  stream  of  sulphuretted  hydrogen  is  passed, 
the  flow  of  gas  being  continued  till  the  tube  is  cold.  Th(^  oxides  are 
thereby  converted  into  sulphides,  which  are  then  digested  foir  some  hours 
in  cold  water  acidulated  with  hydrochloric  acid;  the  manganese  dissolves 
and  the  sulphide  of  cobalt  is  left  behind.  The  same  method  may  be 
applied  to  separate  nickel  from  manganese.  (Ebelmen,  N,  Ann,  Chim» 
Fhys,  25,  92.)  IT 

The  reduction  of  the  protoxide  or  sesquioxide  is  effected :  1.  In  a 
crucible  lined  with  charcoal— more  easily  indeed  than  that  of  the  refrac- 
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tory,  brittle  mellUa,  or  of  iron  (the  oxide  sbould  be  eorered  wUb  »  ^Mt- 
flux,-— consisting  of  alanuoa  and  lime:  Bertkier,  Arm,  Chim.  PAyt.25,68.) 
— 2.  According  to  Clarke,  in  the  flame  of  his  oxj-hydrogen  blowpipeu — 
3.  Bj  passing  hydrogen  gas  over  the  oxide  »t  a  i«d  heat. — 4.  By  healing 
the  oxalate  to  whiteness  in  a  crucible,  under  a  covering  of  glass,  nut 
containing  any  heavy  metal.  (Berselins.) — By  heating  the  oxalate  of 
cobalt-oxide  and  ammonia  in  a  closed  crucible  in  a  flame  urged  by  the 
bellows.  (Brnnner,  Koitn,  Arch.  14,  176.) 

Properties,  Specific  gravity  7*7  (Bergman),  8'51dl  (Berzelios), 
8-485  (Brnnner),  8*5385  (Tassaert  and  Hauy),  8*7  (Lampadius). — 
%  Rammekberg,  in  five  experiments  with  cobalt  reduced  by  hydrogen, 
found  the  specific  gravity  to  vary  from  8*132  to  9*495;  mean  8*957.  IT 
—-Tolerably  hard;  the  metal  obtained  by  (2)  is  somewhat  malleable 
(Clarke);  as  malleable  as  cast-iron,  and  has  a  fibrous  fracture  (Berthier); 
may  be  flattened  to  a  certain  extent  under  the  hammer,  then  flies  to 
pieces  and  exhibits  a  granular  fracture  (Brunner).  When  it  contains 
charcoal,  arsenic,  manganese,  &c.,  it  is  brittle,  and  has  either  a  fine- 
grained, or  a  somewhat  laminar  texture.  Reddish  grey,  with  faint 
metallic  lustre. — When  obtained  by  (3)  it  forms  a  grey  powder. — Fuses 
more  easily  than  iron,  less  easily  than  gold. — It  is  magnetic.  According 
to  Wollaston  {Schw,  42,  237),  the  magnetism  of  cobalt  is  to  that  of  iron 
as  5  or  6  to  8  or  9;  according  to  Lampadius  {Schw,  10,  174),  that  of 
cobalt  not  perfectly  pure  is  to  that  of  iron  as  25:55.  According  to 
Faraday  (Fogg.  47,  219),  pure  cobalt  is  not  at  all  magnetic,  not  even  at 
a  degree  of  cold  about  as  low  as — 80°.  C. 


G<imp(mndi  of  CohaU* 

Cobalt  and  Oxtobn. 

A*  CoBULT-oxinB  or  Cobaltous  Oxide.    CoO. 

Protoxide  ofCobaUy  KobaJUoxydvl;  formerly  EobaUoseyd. — FomuOion, 
— 1.  Cobalt  in  the  coherent  state  does  not  oxidize  in  the  air  at  ordinary 
temperatures;  at  a  red  heat,  it  is  slowly  converted  into  protoxide  and 
afterwards  into  cobaltoso-cobaltio  oxide;  when  intensely  heated,  it  bums 
with  a  red  light.  According  to  Magnus  and  W.  Henry,  cobalt  reduced 
at  a  gentle  heat  by  (3)  bums  in  the  air  at  ordinary  temperatures;  and, 
according  to  Hess,  that  which  has  been  reduced  at  a  red  heat  gradually 
absorbs  oxygen  from  the  air.  The  product  of  these  combustions  is  some- 
times the  protoxide,  sometimes  the  sesquioxide  of  cobalt. — 2.  Red-hot 
cobalt  decomposes  vapour  of  water,  hydrogen  gas  being  evolved  and 
protoxide  of  cobalt  formed.  (Despretz;  Regnault,  Ann.  Chim.  Phye. 
j82,  351.)  Cobalt  decomposes  water  when  mixed  with  hydrochloric  or 
sulphuric  acid;  it  decomposes  oil  of  vitriol  with  evolution  of  sulphurous 
acid  gas,  and  easily  decomposes  nitric  acid  with  evolution  of  nitrous  gas. 
In  all  these  reactions,  the  product  is  protoxide  of  cobalt  united  with  the 
acid. 

Preparation, — 1.  By  igniting  the  pulverulent  metal  obtained  by  (3) 
in  an  open  platinum  crucible.  (Winkelblech.) — 2.  By  passing  hydrogen 
>gas  over  the  nydrated  oxide  heated  to  a  temperature  not  exoeeding  350^. 
-The  hydrate  may  be  heated  in  a  glass  globe  pUced  in  Uiq  mereury^bati^; 
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at  a  higker  temperature,  reduotien  would  take  place.  (Winkelblech.) — 
3.  By  gently  heating  the  hydrate  or  carbonate  out  of  contact  of  air : 
e,  g,  in  a  tube  •  completely  filled  with  it  and  drawn  out  to  a  point. 
(Winkelblech.) — The  oxide  muat  be  preseryed  in  a  sealed  tube^  as  it 
gradually  turns  brown  when  exposed  to  the  air.  (Winkelblech.) 

When  half  a  gramme  of  sesqnioxide  of  cobalt,  and  2  or  3  grammes  of 
hydrate  of  potash,  are  placed  together  in  a  silver  crucible  and  heated  for 
some  minutes  to  commencing  redness,  and  the  mass,  after  cooling,  digested 
in  water,  the  protoxide  remains  in  the  form  of  square  tables.  (Becquerel, 
Ann,  Chim.  Phys,  51,  105.) — It  generally  takes  the  form  of  a  light 
greenish- grey  (Proust),  or  olive-green  (Winkelblech),  non-magnetic 
powder. 
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CdkuUtum,  according  to  Rothoff. 

29-5      ....      78-67 

80       ....       21-33 

Berthier.             Rroost. 

78-75        ....        84 
21-25         ....         16 

CoO 

37-5       ....     100-00 

100*00 

100 

DeAMwpoMfton^.— ^Reduced  to  the  metallic  state  at  high  temperatures 
by  hydrogen,  okarooal,  carbonic  oxide,  potassium,  and  sodium.  At  the 
temperature  at  which  cobalt-oxide  is  reduced  by  hydrogen,  the  metallie 
eobalt  likewise  decomposes  the  excess  of  aqueous  vapour.  (DespreU.)  A 
mixture  of  carbonic  oxide  and  carbonic  acid  gases  in  eoual  volumes,  like- 
wise reduces  cobalt  completely  from  the  protoxide,  and  has  therefore  no 
action  on  metallic  cobalt.  (Laurent.) — Heated  with  carbonate  of  soda  on 
charcoal  in  the  inner  blowpipe-flame,  protoxide  of  cobalt  is  easily  reduced 
to  the  metallic  state,  and,  on  washing  away  the  soda  and  charcoal,  the 
reduced  metal  is  left  in  the  form  of  a  grey  magnetic  powder.  (Berzelins.) 
*— Protoxide  of  cobalt,  heated  with  sulphur,  is  converted  into  sulphide  of 
cobalt  and  sulphurous  acid;  heated  with  sulphuretted  hydrogen,  it  yields 
water  and  sulphide  of  cobadt. 

Combinations,  —  a.  With  Water.  —  Htdrated  Ck>BAtT-oxrDB  or 
Cobalt-hydrate.— Formed  by  decomposing  a  cobalt-salt  with  strong 
caustic  potash,  out  of  contact  of  air.  The  blue  colour  of  the  precipitate 
changes  first  to  violet,  and  then  to  rose-colour,  the  change  being  greatly 
accelerated  by  boiling.  (Proust.) — On  throwing  a  crystal  of  cobalt-sul- 
phate or  nitrate  into  a  bottle  filled  with  caustic  potash,  and  then  closing 
the  bottle,  a  blue  precipitate  is  formed,  which  soon  turns  violet,  and 
afterwards  rosc^red.  If  the  cobalt-solution  be  dropped  into  the  boiling 
potash-ley,  the  change  of  colour  is  almost  too  rapid  to  be  traced.  On  boil- 
ing the  by drated  carbonate  with  potash-ley,  the  protoxide  is  first  produced 
in  the  form  of  a  bulky,  blue  mass,  which  afterwards  assumes  a  violet 
colour,    and   is  ultimately  converted  into    the    rose-coloured   hydrate. 

i  Proust.)  The  potash -ley  and  the  cobalt-solution  should  both  be  freed 
rom  air  by  boiling  before  they  are  mixed.  (Winkelblech.)  According  to 
Winkelblech,  the  precipitate  may  be  washed  and  dried  in  the  air  without 
change  of  colour,  excepting  that  a  brown  tinge  comes  over  it  during 
drying;  according  to  Proust,  however,  it  becomes  brownish  if  exposed  to 
the  air  in  the  moist  state,  and  is  finally  converted  into  the  brown  hydrated 
sesqnioxide. 

Rose-coloured  powder  (Winkelblech);  brownish  rose-coloured  (Proust), 
— Oives  off  its  water  when  heated  above  100^ 

y2 
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WiakelUedi. 

CoO    37-5     ....    80-64      ....      80*15     to     80*69      ....      80      to      79 

HO 9-0    ....     19-36      ....       19-53      „      1913      ....      20      „       21 


CoO^HO       46-5     ....  100-00      ....      9965      „      99*82      ....     100      „     100 

h.  With  Acids,  forming  the  Salts  of  Cobalt-oxidb  or  Cobalt- 
salts*. — These  salts  are  obtained  by  dissolving  the  metal  in  the  stronger 
acids;  by  treating  the  protoxide  or  carbonate  with  acids;  by  doable 
decomposition,  &c.  The  hydrated  oxide  and  carbonate  likewise  dlsaolye 
in  sulphate,  hydrochlorate,  nitrate,  and  succinate  of  ammonia  (Brett, 
Wittstein)  with  erolution  of  ammonia  on  boiling.  (Demar^ay.)  The 
insoluble  cobalt-salts  are  peach-blossom  coloured  or  violet;  the  soluble 
salts,  carmine-coloured.  Those  which  contain  a  volatile  acid  part  with  it 
when  ignited;  the  sulphate,  however,  is  but  partially  decomposed.  With 
carbonate  of  soda,  borax,  and  microcosmic  salt  oefore  the  blowpipe, 
cobalt-salts  exhibit  the  same  phenomena  as  the  oxide  itself.  Zino  and 
cadmium  are  the  only  metals  which  precipitate  cobalt  from  its  solntions 
in  the  metallic  state. — These  metals  do  not  precipitate  cobalt  completely 
from  its  solution  in  hydrochloric  acid,  even  when  the  action  is  continned 
for  a  long  time;  and  on  the  nitric  acid  solution  they  exert  no  action  what- 
ever. (N.  Fischer,  Pogg.  9, 266.) 

Sulphuretted  hydrogen  forms  no  precipitate  in  solutions  of  cobalt-oxide 
in  the  stronger  acids,  if  these  acids  are  but  the  least  degree  in  excess; 
but  if  the  stronger  acids  are  completely  saturated,  the  neater  part  of  the 
cobalt  is  precipitated  in  the  form  of  black  hydrated  sulphide;  from  a 
solution  in  the  weaker  acids,  such  as  acetic  acid,  sulphuretted  hydrogen 
throws  down  the  whole  or  the  greater  part  of  the  cobalt. — ^When  sol- 
pbate,  hydrochlorate,  or  nitrate  of  cobalt-oxide,  is  converted  into  acetate 
by  the  addition  of  acetate  of  soda,  the  cobalt  is  completely  precipitated 
by  sulphuretted  hydrogen,  excepting  that  when  the  excess  of  aoetie 
acid  becomes  very  large,  a  small  portion  of  cobalt  renuuns  in  eolation  : 
this,  however,  may  be  completely  precipitated  by  sulphuretted  hydrogen 
after  the  excess  of  acid  has  been  driven  off  by  boiling.     Sulphide  of 
cobalt,  when  once  precipitated,  is  but  sparingly  redissolved  by  sol- 
phuric,   hydrochloric,  or  nitric  acid, — still  less  by  strong  acetic  acid 
added  in  excess :   hence,  a  very  small  quantity  of  an  alkaline  hydro- 
sulphate  added  to  a  very  acid  cobalt-solution  produces  a  permanent 
precipitate.    (Wackenroder,  i\^.  Br.  Arch,  16,  129.) — Alkaline  hydro- 
sulphates  completely  precipitate  all  cobalt-salts,  yielding  the  same  brown- 
black,  hydrated  sulphide  of  cobalt^  and  dissolve  out  very  little  of  it  when 
added  in  excess.     The  precipitate  is  likewise  insoluble  in  caustic  alkalis. 
The  brown-colourine  is  apparent,  even  in  a  solution  diluted  to  200,000 
parts.  (Pfaff.) — Hydrated  sulphide  of  manganese  likewise  throws  down 
hydrated  sulphide  of  cobalt  from  solutions  of  cobalt-salts.  (An then.) 

Ammonia  added  in  excess  to  a  cobalt-salt,  containing  either  a  aidt  of 
ammonia  or  a  large  quantity  of  free  acid,  by  which  the  first  portions  of 
ammonia  are  converted  into  an  ammoniacal  salt^  yields  a  clear  red 
mixture,  which,  on  exposure  to  the  air,  turns  brown  from  above  down- 
wards, and  generally  deposits  brown,  hydrated  sesquioxide  of  cobalt. — If 
the  cobalt-solution  contains  neither  ammoniacal  rait  nor  free  acid,  part 

*  As  the  salts  of  Cobalite  oxide  (Co'O')  are  not  of  much  importance,  and  the  ten* 
/nination  oua  rather  implies  inferiority  in  point  of  stability,  I  have  thought  it  better  to 
designate  the  salts  of  the  protoxide  by  the  simpler  term,  Cobalt'taltt,  rather  than  by 
that  of  Cobaltcmi  salts,  excepting  in  Uie  few  cases  in  which  they  are  mentioned  in  the 
same  sentence  with  the  salts  of  the  sesqnioxide.  [W.] 
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of  the  oxide  is  immediately  precipitated  (as  basic  salt)  in  blue  flakes, 
which  remain  blue  for  some  time  if  kept  from  the  air,  and  afterwards 
change  into  the  red  hydrate,  in  a  few  hours  at  ordinary  temperatures, 
but  more  quickly  if  the  mixture  be  boiled;  if,  on  the  contrary,  the  air 
has  access  to  them,  they  quickly  turn  green,  and  then  either  assume  a 
brown  colour,  or  dissolve  and  form  a  brown  solution. — If  the  cobalt- 
solution  be  completely  freed  from  air  by  boiling,  and  the  air  be  perfectly 
excluded  after  the  ammonia  has  been  added,  the  blue  precipitate,  which 
is  a  basic  salt,  is  converted,  very  slowly  in  the  cold,  but  more  quickly 
when  heated,  into  the  red  hydrate;  but  on  the  slightest  access  of  air,  it 
assumes  a  green  colour.  (Winkelblech.)  For  further  details  vid.  Cobalto- 
nUrate  of  Ammonia  (p.  342). 

Caustic  potash  added  to  cobalt-salts,  out  of  contact  of  air,  throws 
down  blue  flakes,  consisting,  according  to  Proust,  of  finely-divided  cobalt- 
oxide,  or,  according  to  Winkelblech,  of  a  basic  salt;  they  are  converted, 
slowly  at  ordinary  temperatures,  but  quickly  when  heated,  into  the  rose- 
coloured  hydrate,  which  is  also  immediately  formed  if  the  liquids  are 
mixed  hot.  It  is  advisable,  before  mixing  the  liquids,  to  expel  the  air 
from  both  of  them  by  boiling,  so  as  to  obtain,  first  a  pure  blue,  and  after- 
wards a  pure  rose-coloured  precipitate.  (Winkelblech.)  If  the  air  has 
access  to  the  liquid,  the  blue  flakes  change  colour — in  consequence  of  the 
formation  of  the  hydrated  oxide  or  of  a  basic  salt — becoming,  first  olive- 
green,  and  afterwards  partially  of  a  dirty  violet  colour.  In  an  aqueous 
solution  of  protochloride  of  cobalt  mixed  with  a  large  quantity  of  sal- 
ammoniac,  potash  produces  no  precipitate  if  the  air  has  been  completely 
driven  ofl"  by  boiling;  in  the  contrary  case,  a  slight  brown  precipitate  is 
formed.  If  the  quantity  of  sal-ammoniac  be  smaller,  potash  produces  a 
blue  precipitate,  and  the  liquid  assumes  a  brown  tint  if  any  sal-ammoniac 
remains  undecomposed,  or  a  rose  colour  if  the  sal-ammoniac  has  been 
decomposed  by  considerable  quantities  of  potash.  (Winkelblech.) 

Carbonate  of  ammonia,  potash,  or  soda,  produces  in  cobalt-salts  a 
pale,  peach-blossom-coloured  precipitate  of  carbonate  of  cobalt-oxide; 
this  precipitate  is  easily  soluble  in  excess  of  carbonate  of  ammonia,  yield- 
ing a  solution  of  the  same  colour;  it  is  also  soluble,  though  very  spar* 
ingly,  in  a  large  excess  of  strong  carbonate  of  potash  or  soda.  The 
precipitate  turns  blue  when  boiled  with  the  carbonate  of  potash  or  soda; 
it  does  not  disappear  on  passing  chlorine  gas  through  the  liquid,  but  is 
converted  into  black,  hydrated  sesquioxide  of  cobalt.  According  to  Fuchs 
(Schw.  62,  181)  and  Winkelblech,  cobalt-salts  are  not  precipitated  by 
heating  with  carbonate  of  lime  or  boiling  with  carbonate  of  strontia. 
According  to  Demar9ay  (Ann.  Pharm.  11,  240),  the  carbonates  of 
baryta,  strontia,  lime,  and  magnesia,  though  they  do  not  precipitate 
cobalt-salts  in  the  cold,  nevertheless  decompose  them  completely  at  tem- 
peratures above  75*^;  the  precipitation  of  cobalt-salts  by  carbonate  of 
magnesia,  and  more  quickly  by  pure  magnesia,  has  likewise  been  observed 
by  Dobereiner.  {Schw.  63,  432.) — Phosphate  of  soda  yields  a  blue  preci- 
pitate of  phosphate  of  cobalt -oxide. — Sulphite  of  potash  (but  not  sul- 
phite of  ammonia)  boiled  with  a  cobalt-solution,  throws  down  part  of  the 
oxide  in  the  form  of  basic  sulphite.  (Berth ier.)~-Solution  of  silica  gives 
a  blue  precipitate  with  cobalt-salts,  and  colours  them  blue,  even  when  so 
far  diluted  that  potash  has  no  effect  on  them.  (Fuchs.) — The  hydrated 
protoxides  of  tin  and  lead,  and  protoxide  of  mercury,  completely  preci- 
pitate protochloride  of  cobalt  at  a  boiling  heat.  (Demar9ay.) 

Qxalic  acid  poduc^s  turbidity  in  cobalt-solutions  f^it^r  i^  while,  i(n4 
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gndnally  throws  down  nearly  all  the  ooWt  in  the  form  of  pale 
coloured  oxalate  :  the  same  precipitate  is  produced  by  alkahae  ox»l*ie« 
(even  in  solution  1000  times  diluted:  Pfiiff)-  Ferrocyanide  of  potassium 
produces  a  green,  and  ferricyanide  of  potassium,  a  thick  brown-red  P^^^ 
IHtate  insoluble  in  hydrochloric  acid.  Tincture  of  galls  produces  a  lig«t 
red-brown  precipitate  in  the  solution  of  the  acetate,  but  not  in  the 
solutions  of  colMut  in  the  stronger  acids,  except  on  the  addition  of  acetate 
(^potash. 

c.  With  Alkalis. 

d.  With  some  of  the  Earths  and  Heayy  Metallic  Oxides. 

B.    COBALTOSO-COBALTIC  OxiDE. 

a.  CoH)«=eCoO,  Co»0«.— The  Hydrate.— Formed  by  precipitating 
neutral  nitrate  of  cobalt-oxide  with  ammonia — exposing  the  liquid  to  the 
air  till  the  blue  precipitate  turns  green— then  diffusing  the  precipitate 
in  water,  and  exposing  it  to  the  air  for  a  month,  till  it  tnms  quite  yello^- 
The  yellow  hydrate  thus  formed  still  contains  a  trace  of  nitric  acid,  wtijch 
cannot  be  removed  even  by  long  contact  with  water. 

b.  CoH)^=4CoO,Co»(y.— Formed  by  keeping  the  hydrated  protoxide 
at  a  red  heat  in  the  air  for  a  considerable  time — or  by  first  reducing  it  to 
the  metallic  state  by  heating  it  verjr  gently  in  a  tube  through  which 
hydrogen  gas  is  passed,  and  then  burning  it  again  by  passing  air  through 
the  tube. — Soft,  yelvet-blaok  powder.  (Winkelblech.) 

ITmkclblech  (mean). 

6Co    177      75-96        75*82 

70 56       24-04         24*06 

CoW     233       ZZ     10000        99-88 

IT  According  to  Rammelsberg  {Fogg.  7S,  93)  the  oxide  formed  by  igniting 
the  hydrate,  carbonate,  or  oxalate  of  the  protoxide  at  a  moderate  red 
heat  is  not  Ck)*0^  but  Co*0\  The  residue  afforded  by  the  hydrate  con- 
tained 74"28  p.  c.  of  oobalt;  that  of  the  carbonate,  from  72-69  to  74*44; 
that  of  the  oxalates  from  73-62  to  74*33  p.  o.  The  formula  Co*0*  requiree 
73'46  per  cent.     At  a  higher  temperature,  Co'O^  is  formed  IT. 

c.  Co'0^=CoO,  CoK)^— Formed  when  the  nitrate  or  oxalate  of  the 
protoxide  is  ignited  in  the  air  either  gently  or  strongly,  or  when  the 
hydrated  sesquioxide  is  gently  ignited  (Hess);  when  the  aeaquioxide  is 
heated  to  low  redness;  and  when  the  hydrated  sesquioxide  is  heated  not 
quite  to  redness.  (Winkelbleoh.) — Resembles  the  preceding  componad. 
Forms  a  peculiar  salt  with  oxalic  acid.  (Winkelblech.) 

Hess.       Winkelblech  (mean). 

...       73-44         73-57         ....  72*20 

...       26-56         26-43         ....  26-41 
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...       88-5 
...       32-0 

Co80* 

120*5 

...     100-00         10000  ...  98-61 

C.  CoBALTio  Oxide.     Co'O*. 


Sesquioxide  of  Cobalt,  Kobaltoxyd :  formerly  Peroxide  of  Cobalt, 
Kobalt'hyperoxyd, — 1.  Formed  by  gently  igniting  the  nitrate  of  the 
protoxide.  (Proust.) — When  this  salt  is  fused,  blackish-grey  nietallic- 
Tooking  particles  separate  from  it,  till  the  whole  is  converted  into  a  steel- 
grey  mass.  To  expel  the  remainder  of  the  nitric  sujid  from  this  eubstance, 
It  is  finely  pounded  and  gently  heated  in  a  porcelain  crucible  as  long  as 


^ 
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.  •       •  -  .  -  ... 

red  vapours  continue  to  go  off.  It  is  difficult  to  drive  off  tlie  wbole  of 
the  nitrie  acid;  for  it  is  verj  forcibly  retained,  and  at  a  very  high 
temperature,  the  sesqnioxide  is  converted  into  Co'O*.  (Winkelblech.) — 
3.  By  decomposing  chloride  of  cobalt  in  the  dry  way  with  carbonate  of 
soda,  and  washing  the  residue  with  water.  (Hess,  Fogg,  26,  542.) — 
According  to  earlier  statements,  the  sesqnioxide  is  produced  when  the 
metal  or  ]ts  protoxide  is  gently  ignited  in  the  air;  according  to  Proust, 
the  carbonate  heated  in  a  covered  crucible  takes  fire  immediately  on 
opening  the  crucible;  but  according  to  Hess  and  Winkelblech,  the  product 
in  these  cases  is  only  Co'O*. 

Brownish-black.  As  obtained  by  (2),  it  forms  a  brown  powder  which 
acquires  a  waxy  lustre  by  friction  with  a  hard  body.  (Hess.) — At  a  low 
red  heat,  it  gives  off  oxygen  and  is  converted  into  Co'O*.  (Hess,  Winkel- 
blech.) According  te  rroust,  it  leaves  the  protoxide  when  very  strongly 
ignited;  and,  according  to  Rothoff  {Sckw,  22,  329),  100  parts  of  sesqni- 
oxide of  cobalt,  heated  to  redness,  give  off  from  9*5  to  9*9  parts  of  oxygen, 
and  leave  a  residue  of  protoxide.  [For  the  other  decomposition,  vid, 
Bydrated  Cohaliic  Oxide.) 

Calculation,  according  to  Rothoff.      Winkelblech  (I).  Proost. 

2Co 59      ....       71-09        76-94        ....         79     to     80 

30  24       ....       28-92        29-05         ....         21      „      20 

Co»0« 83       ....     10000         ~..         99-99         Z       100      ,,    100 

Combinations.—^.  With  Water. — Hydrated   Cobaltic  Oxide,   or 
CoBALTic  Hyprate. — 1.  Formed  by  saturating  water  in  which  hydrate 
or  carbonate  of  cobalt  oxide  is  diffused,  with  chlorine  gas,  then  washing 
and  drying.  (Proust,  Winkelblech.)     The  same  compound  may  likewise 
be  formed  by  boiling  recently  precipitated  cobalt-hydrate  with  chloride 
of  lime.  (Bottger  ) — Bromine-water  likewise  converts  the  protoxide  of 
cobalt  into  sesqnioxide  and  bromide   of  cobalt,  the   latter  dissolving. 
(Balard.)-^2.  By  precipitating  nitrate  of  cobaltous  oxide  with  chloride  of 
lime  (Hess),  or  with  chloride  of  soda  mixed  with  caustic  potash.     If  the 
potash  were  not  added,  nitrate  of  cobaltic  oxide  would  remain  in  solution; 
this  was  mistaken  by  Dingier  for  cobaltate  of  soda, — but,  when  treated 
with  potash,  it  yields  a  a  precipitate  of  cobaltic  oxide  without  any  evolu- 
tion of  oxygen.     To  remove  the  chlorine  completely,  it  is  necessary  to 
boil  the  precipitate  with  strong  caustic  of  potash;  otherwise,  it  will  still 
emit  an  odour  of  chlorine  when  treated  with  acids.  (Winkelblech.) — 
3.  By  exposing  a  salt  of  cobaltous  oxide,  supersaturated  with  ammonia, 
to  the  air,  till  it  is  converted  into  a  brown  liquid,  and  then  precipitating 
by  potash.  (Winkelblech.) — When  any  cobalt-salt  is  exposed  to  the  action 
of  a  voltaic  battery  of  at  least  100  pair  of  large  plates,  cobaltic  oxide  is 
deposited  on  the  positive  pole.   (Fischer,  Kastn  Arch.  16,  218.) — The 
liquid  should  be  well  boiled  before  the  precipitate  is  collected  on  a  filter, 
otherwise  it  will  adhere  olosely  to  the  paper.  (Winkelblech.) 

Brownish-black,  densely-aggregated  mass,  having  a  conchoidal  frao« 
ture,  and  yielding  a  dark  brown  powder. 


2Co 59       ....       53-64 

30  24       ....       21-8? 

8HO   27       .  .       24-54 


Winkelblech. 

Hess. 

(2)                    (3) 

(2) 

53-83      ....       53  931 
21-62       ....       21-461 

81-7 

24-26       ....       24-61       ... 

18-3 

Co*0»,3HO       110      ....     10000        99-71       ...     10000      ....     1000 
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The  hydrate,  in  the  analyBes  bj  Hea  uid  WinkeLUeeh,  was  prerioualy 

finely  ponnded  and  dried  oyer  oil  of  vitriol  in  a  receiyer  not  exhaiiflted 
of  air;  Hess  kept  it  there  for  a  week;  acoordiDg  to  his  analjaes,  tlie 
hydrate= Co'O* + 2H0. 

The  hydrate  when  heated,  first  ^yes  off  water,  then  oxygen  gas  and 
water  together,  and  leaves  Co'O^,  which  does  not  part  with  the  remainder 
of  the  water  till  it  has  been  kept  at  a  red  heat  for  some  time.  (Winkel- 
blech.)     It  dissolves  in  salphnrons  or  hyponitric  acid,  with  formation  of 
sulphate  or  nitrate  of  cobaltous  oxide.     Ammonia  dissolves  it  only  on  the 
addition  of  a  piece  of  tin:  the  solution  is  red.     In  hot  sulphuric  or  nitric 
acid  it  dissolves  with  evolution  of  oxygen,  being  converted  into  protoxide, 
and  in  hydrochloric  acid  with  evolution  of  chlorine  gas.  (Proust.)     In 
cold  phosphoric,  sulphuric,  nitric,  or  hydrochloric  acid,  it  dissolves  at  first 
without  decomposition  ;  but  on  exposure  to  light,  or  on  the  application  of 
heat,  oxygen  or  chlorine  gas  is  evolved,  and  a  salt  of  cobaltouB  oxide 
formed.  (Winkelblech.) — Racemic,  tartaric,  and  citric  acid  dissolve  the 
hydrate,  reducing  it  completely  to  the  state  of  protoxide ;  hot  aqueoos 
oxalic  acid  forms  oxalate  of  cobaltous  oxide,  and  gives  off  carbonic  acid. 
•—The  hydrate,  if  heated  while  yet  moist  with  a  solution  of  oxalate  of 
ammonia,  dissolves  with  evolution  of  ammonia^  and  forms  a  green  solution 
of  cobaltoso-cobaltio  oxalate.  (Winkelblech.)     Aqueous  ammonia  exerts 
no  decomposing  action,  even  with  the  aid  of  heat.  (Proust,  Winkelblech.) 

b,  CoBALTio  Salts. — Cold  phosphoric,  sulphuric,  nitric,  and  hydro- 
chloric acid  dissolve  the  hydrated  sesquioxide  without  decomposition  at 
first,  but  the  resulting  salts  are  afterwards  converted  into  siJts  of  the 
protoxide,  {vid.  sup,)  A  cobaltous  salt  containing  a  small  quantity  of 
cobaltic  salt,  has  a  darker  colour  than  that  which  properly  belongs  to  it. 
—The  most  permanent  of  the  cobaltic  salts  is  the  acetate ;  the  hydrated 
oxide,  while  yet  moist,  dissolves  in  acetic  acid  slowly  but  completely. 
The  intensely  brown  solution  forms  a  brown  precipitate  with  potash,  car- 
bonate of  potash,  or  carbonate  of  ammonia;  also  with  ammonia,  which, 
however,  does  not  precipitate  all  the  cobalt.  With  hydrosnlphuric  acid 
and  hydrosulphate  of  ammonia^  it  gives  a  black  precipitate;  with  alka- 
line phosphates  or  arseniates,  a  brown  precipitate ;  with  fernxminide  of 
potassium,  a  dark  red  precipitate,  which,  if  the  precipitant  is  m  excess, 
gives  up  cyanogen  to  it,  and  converts  it  into  ferricyanide  of  potassium, 
and  is  itself  converted  into  green  ferrocyanide  of  cobalt.  Iodide  of 
sodium  colours  the  solution  reddish-yellow;  alkaline  oxalates  colour  it 
yellow  after  a  while,  in  consequence  of  the  formation  of  oobaltoso-cobaltic 
oxalate.  (Winkelblech.) 

D.  Cobaltic  Acid  f    CoO*. 

The  observations  which  appear  to  indicate  the  existence  of  this 
compound,  will  be  found  under  the  head  of  cobalto-niirate  of  amnwnvu 
(P.  342.) 

Cobalt  and  Carbon. 

Carbonatb  of  Cobalt-oxide,  or  Cobalt-carbonate. — Quiniobiuic. 
—Formed  by  precipitating  a  cobalt-salt,  at  a  boiling  heat,  with  excess  of 
monocarbonate  or  bicarbonate  of  potash. — Peach-blossomed-ooloured  pre- 
cipitate.— The  jBalt  examiqed  by  Winkelbl^h  was  obtained  with  mono* 


.^^^ 
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carbonftte  of  potash;  that  of  Setterbeig  (Po^y.  19,  55),  tbe  oomposition  of 
which  was  given  under  (1),  was  precipitated  by  bicarbonate  of  potash, 
the  liquid  being  kept  constantly  boiling;  that  given  under  (2),  bj  adding 
protocnloride  of  cobalt,  in  successive  portions,  to  the  boiling  solution  of 
bicarbonate  of  potash;  that  under  (3),  bj  precipitation  at  a  temperature 
below  the  boiling  point;  the  last-mentioned  precipitate  always  gives  up 
a  small  quantity  of  cobalt  to  warm  water  with  which  it  is  washed. — The 
composition  corresponds  with  that  of  the  zinc-salt,  even  in  the  quantity 
of  water.  When  cobalt-salts  are  boiled  with  carbonate  of  soda  in  very 
large  excess;,  the  precipitate  turns  blue. 

Winkdblecb*  ScttCTberg. 

(1)  (2)               (3) 

5CoO 187-5  ....  70-10  ....    70-11     ....     70-06  ....  68-76  ....  68-91 

2CO» 44-0  ....  16-45  ....    1612     ....     16-45  ....  18-76  ....  1906 

4HO 36-0  ....  13-45  ....    13-51     ....     13*49  ....  1248  ....  1203 

5CoO,2COS  +  4Aq.     267*5  . ...100-00  ....    99-74     ....  10000    ....  10000     ....  10000 

Insoluble  in  water;  soluble  in  aqueous  carbonate  of  ammonia^  potash, 
or  soda. 

When  cobalt-salts  are  precipitated  in  the  cold  by  bicarbonate  of 
potash,  a  rose-coloured,  sparingly  soluble  precipitate  is  formed,  which 
contains  potash,  and,  by  boiling  with  water,  is  converted  into  the  salt  just 
described.  (Winkelblech.) 

Cobalt  and  Borok. 

Borate  of  Cobalt-oxide,  or  Cobalt-borate. — Formed  by  pre- 
cipitating a  cobalt-salt  with  borax. — Reddish-white  powder,  which  is 
scarcely  soluble  in  water,  and  fuses  to  a  dark  blue  glass  when  heated. 


Cobalt  and  Phosphorus. 


A.  Phosphide  of  Cobalt. — a.  With  a  very  large  excess  of  Cobalt, — 
1.  Formed  by  throwing  pieces  of  phosphorus  on  red-hot  cobalt. — 2.  By 
igniting  1  part  of  cobalt  with  1  part  of  glacial  phosphoric  acid,  and  -^  of 
charcoal  powder.  (Pelletier.) — 3.  By  exposing  a  mixture  of  70  pts. 
metallic  or  oxidized  cobalt,  100  bone-ash,  50  pounded  quartz,  and 
]  0  charcoal,  to  the  heat  of  a  blast-furnace  for  an  hour.  (Berthier.) — The 
compound,  when  prepared  by  (1^  or  (2),  has  the  metallic  lustre  and  a 
bluish-white  colour;  it  is  brittle,  of  acicular  structure,  more  easily 
fusible  than  cobalt,  contains  94  per  cent,  of  cobalt  and  6  per  cent,  of 
phosphorus,  becomes  dull  on  exposure  to  the  air,  and  bums  to  a  dark 
blue  glass  when  heated.  (Pelletier.) — By  (3),  of  a  shining  white  colour, 
very  fusible,  non-magnetic,  and  often  has  needle-shaped  crystals  in  its 
cavities.  (Berthier.) 

6.  Triphosphide. — 1.  Phosphuretted  hydrogen  gas  converts  heated 
chloride  of  cobalt  into  a  grey  substance,  insoluble  in  stron?  hydrochloric 
acid,  but  easily  soluble  in  nitric  acid. — 2.  Triphosphate  of  cobalt-oxide, 
as  obtained  by  precipitating  the  protochloride  with  diphosphate  of  soda,  is 
easily  decomposed  by  ignition  in  a  stream  of  hydrogen,  nothing  but  water 
^in^  given  off^  and  triphosphide  of  opbt^H  l>oi9g  l^ft  in  tlie  form  of  ^ 
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black  yowder,  which  does  not  give  out  a  flame  of  phospboruB  before  tbe^ 
blowpij»ej  when  gently  heated  in  chlorine  gas,  it  bums  with  vivid  igni- 
tion, yielding  a  sublimate  of  chloride  of  phosphorus,  and  a  residue  of 
chloride  of  cobalt.  (H.  Rose,  Fo^g.  24,  332.) 

U.  Rom  (2). 

3Co  88-5      ....      73-81         73*47 

P   31-4       ....       26-19        26-53 

Co»p 119-9    ....   loa-oo      ZZ     ioo-o» 

B.  Hypophosphite  of  Cobalt-oxide,  or  Cobalt-hypophosphite.— 
Aqueous  hypophosphorous  acid  saturated  in  the  cold  with  recently  pre- 
cipitated cohaJt-ozide,  then  filtered  and  evaporated  in  vacuo,  easily 
yields  red  efflorescent  octohedrons  and  cubo^octohedros^  isomorphous  with 
sulphate  of  magnesia. — The  crystals  ignited  in  a  retort  give  off  water 
and  a  gas,  which  does  not  take  fire  at  ordinary  temperatures,  but,  when 
set  on  fire,  bums  with  a  strong  phosphorus  Aune;  ao  phosphorus  sub- 
limes. The  black,  slightly-tumefied  mass  does  not  dissolve,  even  in 
strong  nitric  or  nitro-hvdroohlorie  aoid;  neither  will  it  dissolve  in  oil  of 
vitriol,  unless  it  be  finely  pulverized  and  boiled  for  a  long  time.  1 00  parta 
of  it  contain  44*36  cobfJt-oxide,  and  therefore  55 '^4  phos^orio  acid, 
to^pether  with  a  blaek  phosphoric  substance,  which  i4  reddened  by  nitric 
aoid.  According  to  these  numbers,  the  residue  should  consist  of 
3CoO,2PO'.  It  must,  however,  be  remembered  that  a  small  quantity  of 
phosphoric  acid  is  added  to  the  residue  by  the  combustion  of  the  first 
portions  of  phosphuretted  hydrogen,  as  they  come  in  contact  with  the  air 
in  the  retort ;  and,  this  quantity  being  deducted,  the  residue  is  probabl 
5CoO,3FO^  if  BQ,  the  action  will  be: 

5(CoO,  FO)  +  lOHO  =  5CoO,aPO«  +  2PH3  +  4H. 

According  to  this  equation,  2  atoms  of  water  are  essential  to  the  formation 
of  one  atom  of  the  salt.  On  evaporating  the  crystallized  salt  with  nitric 
acid,  there  remains  71*72  per  cent,  of  ignited  monophosphate  of  cobalt- 
oxide.  (H.  Rose,  Pogg.  12,  87.) 

Cryaidlliztd.  H.  Rose. 

CoO 37-6       ...       2519 

PO    39-4      ....       26-46 

8HO 72-0      ....       48-35         49-35 

CoO,PO  +  8Aq 148-9       ~.     10000 

C.  Phosphite  of  Cobalt-oxide,  or  Cobalt-phosphite. — Terchloride 
of  phosphorus,  dissolved  in  water  and  neutralized  by  ammonia,  gives,  with 
protochloride  of  cobalt,  a  beautifal  red  precipitate,  which,  after  flashing 
and  drying,  exhibits  a  pale  red  colour.  The  filtrate,  which  still  retains 
a  deep  red  colour,  deposits  more  of  the  compound  after  long  boiling. — 
The  precipitate  heated  in  a  retort,  becomes  first  viotet,  then  bUMsk,  and 
fives  off  a  large  quantity  of  water,  together  with  hydrogen  gas  perfectly 
&ee  from  phosphorus;  at  length  the  mass  exhibits  a  glimmering  light, 
and  then  the  evolution  of  gas  ceases  together.  (H .  Rose,  Fogg,  9,  40.) 

D.  Ordinary  Phosphate  op  Cobalt-oxide,  or  Cobalt-phosphate. 
•:— a.  Tet-basic. — Diphosphate  of  soda,  mixed  with  cobalt-salts,  forms  violet 
flakes,  which,  according  to  their  behaviour  with  hydrogen  gas  (vide 
Triphasphide  of  Cobalt,  p.  329),  should  contain  2  atoms  of  cobalt-oxide 
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to  one  atom  of  acid.  (H.  Rose.)     They  dissolve  in  excess  of  phosphoric 
acid,  forming  a  deep  red  solution;  in  ammonia,  with  first  a  yellowish  and ' 
afterwards  a  hrownish  coloar,  and  slightly  in  hydrochlorate  or  nitrate  of 
ammonia^. 

E.  Pyrophosphate  op  Cobalt-oxide,  or  Gobalt-ptrophosphatb.— 
The  precipitate  which  cohalt-salts  form  with  dipyrophosphate  of  soda,  is 
re-dissolved  by  an  excess  of  the  re-agent.  (Stromeyer.) 

IT  F.  Metaphosphate  of  Cobalt-oxide,  or  Cobalt-mbtaphosphate. 
— Formed  by  adding  a  solution  of  cobalt-sulphate  to  an  excess  of  dilute* 
phosphoric  acid»  evaporating  to  dryness,  and  heating  the  residue  in  a 
platinum  capsule  above  31 6*^;  it  then  separates  in  the  form  of  a  beautiful 
rose-coloured  powder,  insoluble  in  water  and  dilute  acid,  but  soluble  in 
strong  sulphuric  acid. 

Maddrell. 

CoO 37-5       ....       34-43        •.         3479 

P0»  71-4       .  .       65-57         65-21 

CoO.PO 108-9       ....     10000         ZZ.       10000 

(Maddrell,  Ann.  Fharm,  58,  61.)  IT 

Cobalt  and  Sulphur. 

A.  Protosulphide  op  Cobalt. — 1.  Formed  by  throwing  sulphur  on 
the  metal  heated  to  redness  in  a  retort,  the  combination  being  attended 
with  fusion  and  combustion.  (Proust.)— 2.  By  igniting  the  hydrated  com-' 
pound  in  a  close  vessel.  (Proust.) — 3.  By  heating  protoxide  of  oobaH 
with  sulphur.  (Proust.) — 4.  Anhydrous  sulphate  of  cobalt-oxido,  heated 
to  whiteness  in  a  crucible  lined  with  charcoal,  leaves  half  its  own  weight 
of  sulphide  of  cobalt.  (Berthier.) — By  (1)  :  grey,  with  metallic  lustre; 
laminar;  dissolves  easily  in  acids,  with  evolution  of  sulphuretted  hydrogen 
(Proust) ;  according  to  (4)  :  grey,  with  granular  fracture ;  magnetic 
(Berthier). 

Proust  (1). 

Co  29-5       ....       64-84         71-5 

S 16-0       ....       35-16         28-5 

CoS 4?5       ....     10000        13       100*0 

Hydrated  Protosulphide  of  CchaU,  or  Hydrotulphate  of  CobaU-oxide. — 
Formed  by  precipitating  acetate  of  cobalt-oxide  with  sulphuretted 
hydrogen,  or  any  cobalt-salt  with  an  alkaline  hydrosulphate,  er  by 
bringing  the  hydrate  or  carbonate  of  cobalt-oxide  in  contact  with  sulphur- 
etted hydrogen  water.  (Proust.)  Black  powder.  When  heated,  it  gives 
off  a  large  quantity  of  water  and  sulphurous  acid  [11,  and  is  converted 
into  dry  sulphide  of  cobalt.  (Proust.)  When  exposed  to  the  air  in  the 
moist  state,  it  slowly  oxidizes,  and  forms  sulphate  of  cobalt-oxide.  Dis-' 
solves,  with  evolution  of  hydro^n,  in  mineral  acids  when  tolerably  concen- 
trated, very  sparingly  in  cold  dilute  acids,  and  scarcely  at  all  in  dilute 
acetic  acid.  (Wackenroder.)  Dissolves,  while  vet  moist,  in  aqueous  sul" 
phurous  acid.  From  sulphate  of  cadmic  oxiae,  acetate  of  lead-oxide^ 
hydrochlorate  of  ferric  oxide,  nitrate  of  nickel-oxide,  sulphate  of  cuprio 
Oxide,  and  nitrate  of  silver-oxide,  it  precipitates  the  metals  in  the  foim  of 
sulphides.  (Anthon.)   ■ 
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B.  OxTSVLPHiDB  OP  CoBALT.«— Formed  by  paasing  hydrogen  gw  orer 
red-hot  sulphate  of  oobalt-oxide.  The  decomposition  goes  on  quickly> 
with  formation  of  sulphnroos  acid  and  water,  100  pts.  of  the  dry  cobalt- 
salt  yielding  5362  parts  of  a  dark  grey  powder  aggregated  in  lamps. 
This  substance  contains  1  At  protoxide  to  1  At  protosulphide  of  ooba^ 
It  burns  at  a  red  heat,  forming  sulphurous  acid  and  sesquioxide 
cobalt  To  cold  hydrochloric  acid  it  gives  up  merely  the  cobalt-oxide 
already  contained  in  it;  but  on  the  application  of  heat,  sulphuretted 
hydrogen  is  likewise  evolved.  (Arfvedson,  Pogg.  1,  64.)  (Does  not  the 
protosulphide  of  cobalt,  prepared  by  Berthier  according  to  method  (4), 
likewise  belong  to  this  head  f) 

C.  SEsatxisuLPHTDE  OP  CoBALT. — Fouud  in  the  form  of  CobaH-pyrUet, 
^^Preparation. — 1.  By  strongly  igniting  the  protoxide  or  sesquioxido 
with  sulphur,  and  exhausting  the  residue  with  water.— 2.  By  heating  the 
sesquioxido  in  hydrogen  gas  to  a  temperature  somewhat  below  redness. 
(Berrelins.) — 3.  By  passing  sulphuretted  hydrogen  over  red-hot  oxysul- 
phide  of  cobalt     100  parts  yield  117.  (Arfvedson.) 

Cobalt-pyrites  forms  regular  octohedrons  and  cubo-octohedrons,  of 
specific  gravity  4*9  to  5*0.  They  are  harder  than  Apatite,  of  a  colour 
between  tin- white  and  light  steel-grey,  and  yield  a  blackish-grey  powder. 
Artificial  sulphide  of  cobalt  (1)  is  graphitic  and  crystalline  (Beraelius, 
Fellenberg,  Pogg.  50,  73);  (2)  is  dark  grey  (Berxelius).  The  native 
sulphide  gives  off  sulphurous  acid  before  the  blowpipe,  and  fuses  in  the 
inner  flame  to  a  grey  magnetic  bead,  exhibiting  a  bronae-yellow  colour  in 
the  interior;  after  roasting,  it  imparts  a  blue  colour  to  Iwrax  and  micro- 
cosmic  salt.  Dissolves  in  nitric  acid,  with  separation  of  sulphur.  Sulphide 
of  cobalt  [the  protosulphide  or  the  sesquisulphide  1]  does  not  decompose 
vapour  of  water  at  a  red-heat,  even  so  much  as  sulphide  of  nickel. 
(Regnault.)  Sesquisulphide  of  cobalt  (1 ),  heated  in  a  stream  of  chlorine 
gas,  yields  chloride  of  sulphur  and  122-9  per  cent  of  residual  chloride  of 
cobatt.  (Fellenberg.)  Chlorine  does  not  act  upon  it  in  the  oold^  and  but 
very  slowly  when  aided  by  heat  (H.  Rose,  Fogg.  42,  540.) 


Fellenberg. 

Werneku 

(1.) 

MUMB. 

2Co 

59 

....     5514 

55-45 

.*.• 

53-35 

38  

48 

....     44-86 

44-55 

•«•• 

42-25 

Pe  

••••                                           •• 

.•.. 

2-30 

Cu  

•••■                                           •• 

.... 

0-97 

107 

....  100-00 

100-00 

•.«« 

9887 

D.  Bisulphide  of  Cobalt.— I.  Protoxide  of  cobalt  is  prepared  by 
rapidly  igniting  the  recently  precipitated  carbonate  in  a  crucible,  then 
mixed  with  three  times  its  weight  of  sulphur,  and  the  mixture  slowly 
heated  in  a  glass  tube  to  a  temperature  a  little  below  redness.  If  the 
mass  is  not  quite  black,  it  must  be  again  mixed  with  sulphur  aud  ignited. 
— 2.  By  passing  sulphuretted  hydroeen  over  sesquioxide  of  cobalt  at  a  . 
temperature  much  below  redness,  and  boiling  the  blackish-grey  mass  with 
hydrochloric  acid.  [Is  this  blackish-grey  mass  sesquisulphiae  of  cobalt, 
or  a  mixture  of  the  proto-  and  bisulphides  ?]  Black  powder,  destitute  of 
lustre.  At  a  red  heat,  it  gives  off  sulphur,  and  leaves  a  grey  sulphide  of 
cobalt.  Not  attacked  by  alkalis  or  oy  acids,  excepting  nitric  acid  and 
aqua  regia.  The  sulphide  prepared  by  (2),  when  exposed  in  the  washed, 
moist  state  to  the  air,  is  partly  converted  intp  sulpl^uric  acid  and  cobalt^ 
sulphate.  (Setterberg,  Pogg.  7,  40.) 
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Setterberg. 

Co... 29-5        ....        47-97        ....        47-85 

2S 32-0        ....        52-03        ....         52  15 

CoS* Ivb        Z.      100-00        Z       100-00 

E.  Hyposulphitb  op  Cobalt-oxide,  or  Cobalt-hyposulphite. — By 
precipitating  cobalt-sulphate  with  hyposulphite  of  strontia,  and  evapo- 
rating the  filtrate  at  a  gentle  heat.  It  turns  blue  at  last,  becomes  turbid 
from  deposition  of  sulphur,  and  yields  a  dark  red  crystalline  mass,  which 
behaves  like  the  corresponding  nickel-salt.  (Rammebberg.) 

Crystaiiiied*  Rammelsberg. 

CoO 37-5        ....  26-88  ....        26-86 

8»0» 480        ....  34-41  ....        3450 

6HO 54-0        ....  38-71  ....        3864 

CoO,S'OS  +  6Aq 139-5        Z       100-00        Z.       10000 

F.  Sulphite  op  Cobalt-oxide,  or  Cobalt-sulphite. — On  boiling  a 
cobalt-salt  with  sulphite  of  potash,  part  of  the  cobalt  is  precipitated  in  the 
form  of  basic  sulphite  of  cobalt-oxide,  which  becomes  still  more  basic  by 
washing.  (Berthier.)  IT  Carbonate  of  cobalt-oxide  dissolves  very  easily 
in  aqueous  sulphurous  acid;  and  the  solution,  treated  with  alcohol,  ylelcUl 
a  fine  red  flocculent  precipitate,  probably  consisting  of  cobalt-sulphite  with 
one  atom  of  water.  By  passing  sulphurous  acid  gas  through  water  in  which 
carbonate  of  cobalt-oxiae  is  suspended,  granular  crystals  are  formed,  con- 
taining 5  atoms  of  water. 

Muspratt.     t 

CoO 37-5        ....        32-71        ....        30-98 

S0»  32-0        ....        28-03        ....         27-91 

5HO 45-0        ....         39-26         ....        4111 

CoO,SO«  +  5Aq 114-5        Z       10000        Z       10000 

(Muspratt,  Ann.  Fkarm,  30,  282.)  IT 

O.  Hyposulphate  of  Cobalt-oxide,  or  Cobalt-hyposulphatb.-^ 
By  precipitating  sulphate  of  cobalt-oxide  with  an  equivalent  quantity  of 
hyposulphate  of  baryta,  and  evaporating  the  filtrate  at  a  gentle  heat. 
Imperfectly  crystallized,  rose-coloured  mass,  which,  when  heated  to  red- 
ness, leaves  47*74  per  cent,  of  cobalt-sulphate.  Dissolves  in  water  with 
great  facility,  but  is  not  deliquescent. 

« 

Cryttallized.  Heeren. 

CoO 37-5         ....  22-93  ....  2308 

S»0* 72-0         ....  44-04  ....  44*38 

6HO 64-0        ....  33-03  ....  32-54 

CoO,S20»  +  6Aq 1635        Z       10000        Z       10000 


H.  Sulphate  OF  Cobalt-oxide,  or  Cobalt-sulphate. — a.  Basic  Salt. 
— Formed  by  precipitating  b  with  an  insufficient  quantity  of  alkali. 
Flesh-coloured  precipitate,  insoluble  in  water.  (Berzelius.) 

h.  MonomdphaU, — Found  native  in  the  form  of  CobaU-vitriol.  Obtained 
by  dissolving  the  metal,  the  protoxide,  or  the  carbonate  in  dilute  sulphuric 
acid.  In  combination  with  water,  it  crystallizes  with  difficulty  in  per- 
manent, carmine-coloured,  oblique  rhombic  prisms,  having  the  form  of 
green  vitriol.  (Mitscherlich;  Brooke,  Ann.  Phil.  22,  128.)    Fig.  Ill; 
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1  :  It  or  v'=99°  4&;  u  :  t*'=82°  20';  i  :  •=152*'  45^;  t  :  i8=124'*;  %  :  <i= 
135°  55';  t  :/=  11 8*^53'.  (Brooke.)  The  cfystab  have  a  fiwtttly  astrin- 
gent^ slightly  bitter^  and  metallic  taste,  and  when  heated,  give  off  water, 
without  fusing,  and  become  opaque  and  rose-coloured:  they  do  not  part 
with  their  acid,  even  at  a  red  heat.  (Proust.)  Thej  dissolve  in  24  parts  of 
cold  water,  but  not  in  alcohol.  Glacial  acetic  acid  precipitates  the  salt 
completely  from  its  aqueous  solution,  so  that  not  a  trace  of  cobalt  remains 
in  the  liquid.  (Persos.)  Marks  made  on  paper  with  the  s<4ution,  tuni 
red  when  the  paper  ia  warmed.  (Proust.) 

Anhydrous,  tlothoff. 

CoO 37-5         ....         48-39        ....        47*89 

S(fi 400        ....        51-61         .,.,        52'il 

CoO,SO» Tfb        Z      100-00        Z       10000 

Oytiaiiiied.  Bacholz.  Mitochertick.  Proust. 

CoO  37-5     ....     26-69  ....  30)             «,.,                     r« 

SO»  40-0     ....     28-47  ....  26/       ••     "^^  ^         ""        ^ 

7HO 63-0     ....     44-84  ....  44       ....     427         ....        42 

140-5     ....  10000     ....         100  1000        Z       lOo" 

When  native  Cobalt-vitriol  from  Bieber  is  freed  by  solution  in  water 
and  filtration^  from  admixed  arseniate  of  mancanous  oxide,  the  quantity 
of  which  is  much  below  1  per  cent.,  the  crystals  obtained  from  the  filtrate 
exhibit^  according  to  Winkelblech,  the  following  composition  : 

VnidLfllUesh. 


JMgO  

3CoO    

200 

112-5 

•  ••• 

•  «•• 

•  ••« 

3-67 
20-66 
29-39 
46-28 

•  ••« 

•  ••• 

•  %•• 

•  «•■ 

3-87 
19*91 

4SO»     

28HO  

160-0 

2520 

29-05 
46-83 

544-5 

•  ••• 

10000 

•  ••• 

99-66 

I.  SuLPHOCARBONATE  OF  CoBALT.^Aqueous  sulphocarbonate  of  cal- 
cium forms  with  cobalt-salts,  a  mixture  which  has  a  deep  olive-green 
eolour  by  transmitted,  and  black  by  reflected  light:  after  24  hours^  it 
deposits  black  flakes^  the  liquid  retaining  a  dark-brown  colour. 


Cobalt  and  Selenium. 

A.  Selenide  of  Cobalt. — Heated  cobalt  combines  with  selenium, 
forming  a  grey  mass,  which  exhibits  metallic  lustre  and  crystalline  struc- 
ture, and  fuses  at  a  red  heat :  the  combination  is  attended  with  ignition. 
(Berzelius.) 


B.  Selenite  of  Cobalt-oxide*  or  Cobalt-selenite. — a.  Monosele- 
nite. — Rose-coloured  powder,  insoluble  in  water.  (Berxelius.)— 6.  BiseU- 
nile.  Remains,  on  evaporating  the  aqueous  solution,  in  the  form  of  a 
transparent  purple-red  gum.  (Berzelius.) 

C.  CoBALT-SELENiATE. — Identical  in  crystalline  form  with  the  sul- 
phate. (Mitscherlich.) 
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Cobalt  and  Iodikb. 

A.  loDiDB  OF  Cobalt. — Col. — Pulyerized  cobalt  and  iodine  heate4 
together  in  a  glass  tube,  unite  and  form  a  greyish-green  mass  which  has  no 
metallic  lustre,  fuses  when  heated,  but  does  not  sublime.  (Erdmann,  J,  pr^ 
Cfkem,  7y  354.) — By  evaporating  the  aqueous  solution,  a  dark  green 
deliquescent  mass  is  obtained.  (Erdmann,  Rammelsberg.) 


Agtueaus  Iodide  of  Cobalt,  or  Hydriodate  of  Cobalt- oxide, — 1.  When 
cobalt  reduced  by  hydrogen  is  placed  in  contact  with  iodine  and  water, 
the  temperature  of  the  liquid  rises  to  the  boiling  point  and  a  red  solution 
is  formed. — 2.  Diy  iodide  of  cobalt  forms  with  a  small  quantity  of  water 
a  green  solution  (Erdmann),  or  brown  (Rammelsberg);  with  a  larget 
quantity  of  water,  it  forms  a  red  solution.— Iodide  of  cobalt  is  soluble  in 
alcohol.  (Erdmann.) 

B.  Oxy-iodide  of  Cobalt  f — CoO,CoT. — Ammonia,  added  to  a  dilnte 
solution  of  iodide  of  cobalt,  colours  the  liquid  brown,  and  throws  down  a 
blue  precipitate  which  turns  green  by  oxidation  during  washing  and 
drying.  (Rammelsberg,  Fogg.  48,  155.) 

C.    loDATB    OF   COBALT^XIDE,    Or   COBALT-IODATE. The   Solution    o( 

recently  precipitated  carbonate  of  cobalt-oxide  in  aqueous  iodic  acid 
yields,  both  by  cooling  and  by  evaporation  of  the  mother-liquid,  yiolet-red 
crystalline  crusts,  which  give  off  5'5  per  cent,  of  water  at  200^,  and,  on 
suDsequent  ignition  in  a  retort,  are  resolved  into  iodine  vapour,  oxygen 
gas,  and  black  cobaltoso-cobaJtio  oxide,  Co^O^  which  still  retains  the 
crystalline  form  of  the  salt.  They  dissolve  in  148  parts  of  water  at  15^, 
and  in  90  parts  of  boiling-water.  (Ranmielsberg,  Fogg,  44,  561.). 

Anhydnm*.  Rammelibtrg.  '^ 

CoO 37-5     ....     18-43        ....        1835 

lO*   1660    ....     81-57         ....        81-65 

CoO,IO»  203-5     ....  100-00        Z,      10000 

CryitalUzed,  Rammelibei|f» 

CoO 37-5     ....       17-65 

10»   166-0    ....       78-12 

HO    9-0     ....        4-23  ....  5-5 

CoO,lo«-«-Aq.  12*5     ...     10000 


Cobalt  and  Brominb* 

A.  Bromide  of  Cobalt. — 1.  Cobalt  at  a  dull  red  heat  takes  up 
Vapour  of  bromine,  forming  a  green  compound  which  fuses  and  is  partially 
decomposed  at  a  higher  temperature.  (Berthemot,  Ann,  Chim.  Fhys, 
44,  391.) — 2.  The  crystals  of  the  hydrated  bromide  leave  a  bluish-green 
^residue  when  heated.  (Rammelsberg,  Fogg,  55,  244.) 

Berthemot. 

Co  29-5     ....     27-34         ....        27*43 

Br  78-4     ....     72-66        ....         72*57 


CoBp  107*9    ....  100*00        ....      100*00 
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Hydrated  Bromide  of  CcbaU,  or  HydrobromaU  of  CobaU-oxide.— 
Bromide  of  cobalt  deliquesces  rapidly  in  the  air,  forming  a  red  liqaid;  tbe 
same  solution  is  obtained  by  heating  cobalt  with  bromine  and  water.  The 
solution  turns  red  on  evaporation,  leaving  the  green  anhydrous  compound 
as  a  residue.  Ammonia  added  to  the  solution  throws  down  a  precipitate 
which  is  soluble  in  excess.  (Berthemot.)  When  the  solution  is  evaporated 
over  oil  of  vitriol,  red  crystals  are  obtained  which  soon  effloresce  in  the 
dry  air  of  the  receiver,  but  deliquesce  when  exposed  to  the  atmosphere 
in  its  ordinary  state.  (Rammelsberg.) 

B.  Bromatb  of  Cobalt-oxide,  or  Cobalt-broxate. — By  precipi* 
tatinff  sulphate  of  cobalt-oxide  with  bromate  of  baryta,  and  evaporating 
the  filtrate  over  oil  of  vitriol,  transparent  regular  octehedrons  are  obtained, 
having  a  hyacinth-red  colour.  They  are  isomorphous  with  the  bromates 
of  magnesia,  zinc-oxide,  and  nickel-oxide.  When  heated,  they  are 
resolved  into  bromine  vapour,  oxygen  gas,  and  sesquioxide  of  cobalt. 
They  dissolve  in  2*2  parts  of  cold  water;  and  the  solution  evaporated  at 
a  gentle  heat,  gives  off  bromine  vapour  and  deposits  sesquioxide  of  cobalt* 
(Rammelsberg,  Foffff,  55,  71.) 

Ankydratu.  CryttmUized,  Rammelsberg. 

CoO 37-6    ....     2406  CoO 375     ....     17*86  ....     18-09 

BrO» 118-4     ....     75-94  BrO* 118-4     ...     56-41  .... 

6HO    ....     540    ....     25-73  .... 

CoO,BrO»  115-9     ....  100-00  +6Aq 2099     ....  lOO'OO 


Cobalt  and  Chlorine. 


A.  Chloride  op  Cobalt. — 1.  Heated  cobalt  powder  takes  fire  in 
chlorine  gas.  (H.  Davy.) — Finely  divided  cobalt  takes  fire  in  a  stream  of 
chlorine  nus  and  produces  blue  crystalline  scales.  (H.  Rose,  Pogg,  24, 157.) 
— Chloride  of  cobalt  is  likewise  obtained  by  heating  the  sulphide  in  a 
stream  of  chlorine.  (Fellenberg.) — 2.  By  evaporating  the  aqueous  solution 
of  chloride  of  cobalt  te  dryness,  till  the  red  colour  of  the  liquid  changes  to 
greenish -blue. — The  chloride  thus  obtained  is  a  blue,  loosely  coherent 
mass,  which  does  not  turn  red  on  cooling,  but  only  on  exposure  to  the  air, 
the  change  being  then  due  to  absorption  of  water.  When  strongly 
ignited  in  a  retort  (Proust,  Bucholz),  or  in  a  tube  through  which  chlorine 
is  passed  (Fellenberg),  it  sublimes  after  fusing  (Proust),  or  without  fusing 
(Fellenberg)  in  soft,  loose,  crystalline  spangles,  which  are  slippery  to  the 
touch,  and  flax-blossom-coloured,  according  to  Proust,  blue  according  to 
Bucholz,  and  bluish-green  according  to  Fellenberg. — Chloride  of  cobalt^ 
when  fused  with  phosphorus,  yields  chloride  of  phosphorus  and  phosphide 
of  cobalt.  (H.  Rose,  Pogg,  27,  117.)  It  is  decomposed  by  phosphuretted 
hydrogen  gas  as  easily  as  protochloride  of  copper.  (H.  Rose.)  With  oil 
of  vitriol,  even  when  cold,  it  gives  off  hydrochloric  acid  and  chlorine  [t] 
gas,  and  forms  sulphate  of  cobalt-oxide.  (A.  Vogel.) — With  aqueous 
bypochlorous  acid,  it  evolves  chlorine  gas  and  yields  a  precipitate  of 
hydrated  sesquioxide  of  cobalt.  (Balard.) 


Co. 
CI. 


CoCl 


29-5 
35-4 

64-9 


45-45 
54-55 

100-00 
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Hydrated  and  AqiUouB  Chloride  ofCchaUy  or  EydrocktorcuU  o)  Ccbalt- 
oxide. — Chloride  of  cobalt^  even  after  sablimation^  takes  up  water  and 
turns  red  on  exposure  to  the  air,  and  is  afterwards  easily  soluble  in  water; 
but  the  sublimed  chloride,  if  not  previously  exposed  to  the  air  for  a 
sufficient  time,  requires  12  hours  or  more  to  effect  its  complete  solution. 
(Proust,  Buchol2,  Fellenberg.) — The  same  liquid  is  obtained  by  dis- 
solving the  pure  hydrate  or  carbonate  of  cobalt-oxide  in  hydrochloric 
acid,  or  by  dissolving  the  metal  in  hydrochloric  acid  or  aqua-regia. 
— The  red  solution  evaporated  and  cooled  yields  crystals  belonging  to 
the  oblique  prismatic  system.  Fig.  101,  but  without  the  5-  or  c-face 
or  the  fa^e  below  it.  i\u  or  u'  =  109°  31';  t :  «  =  \22^  20';  i  :/  behind 
=  106°  20';  t  :/=  131°  20';  uidzzzJT"  20';  w  :  <  =  128°  40'.  Cleavage 
distinct  parallel  to  t,  less  distinct  parallel  to  u.  (Brooke,  Ann.  Flnl. 
23,  364.)  The  crystals  are  carmine-coloured  and  do  not  deliquesce  in 
the  air.  According  to  Proust,  who  probably  obtained  them  from  an 
acid  liquid,  they  are  blue,  and  turn  red  in  the  air  by  absorption  of  water. 

The  carmine-coloured,  aqueous  solution  of  dry  chloride  of  cobalt  or  of 
the  crystals,  turns  blue  when  mixed  with  strong  hydrochloric  acid  or  oil 
of  vitriol,  the  change  taking  place  sooner  the  lower  the  temperature. 
The  red  colour  is  restored  by  addition  of  water,  and  partly  also  by 
cooling.  The  more  dilute  solution,  if  it  contains  free  acid,  likewise  turns 
blue  when  evaporated  by  heat  or  in  vacuo  over  oil  of  vitriol.  (A.  Vogel.) 
In  a  similar  manner,  marks  made  on  paper  with  this  solution,  turn  blue 
whenever  the  paper  is  heated,  and  resume  their  pale  red  colour  on 
exposure  to  the  air,  doubtless  by  recovering  their  water.  If  the  cobalt 
solution  contains  small  quantities  of  ferric  oxide  or  larger  quantities  of 
nickel-oxide,  the  blue  colour  is  replaced  by  a  bluish-green  or  a  green  tint. 
The  liquid  discovered  by  Waitz,  called  HeUotU  Sympathetic  Ink,  is  a 
solution  of  this  kind ;  it  may  likewise  be  prepared  by  dissolving  zaffre  in 
hydrochloric  acid,  or  by  mixing  cobalt-nitrate  with  sal-ammoniac  or 
common  salt. — Since  anhydrous  chloride  of  cobalt  is  blue,  the  blue  tint 
appears  to  result  from  the  formation  of  this  compound :  heat  drives  off  the 
water,  and  strong  acids  abstract  it.  If  the  existence  of  hydrogen-acid 
salts  be  assumed,  we  must  suppose  that,  when  this  change  of  colour  takes 
place,  the  red  hydrochlorate  of  cobalt-oxide  is  converted  into  blue 
chloride  of  cobalt;  on  the  contrary  supposition,  the  explanation  will 
perhaps  be,  that  the  solution  of  hydrated  chloride  of  cobalt  in  watery 
liquids  is  red,  while  that  of  the  anhydrous  chloride  is  blue. 

Cobalt  cannot  be  converted  into  a  sesquichloride  by  treating  it  with 
excess  of  chlorine;  but  the  recently  prepared  solution  of  the  hydrated 
sesquioxide  in  cold  hydrochloric  acid  contains  this  compound.  ( Winkel- 
blech.) 

IT  B.  Chlorate  op  Cobalt-oxidb. — CoO,C10*4"6Aq. — Crystallizes 
in  cubes  combined  with  octohedrons.  Decomposed  by  ignition  into 
chlorine,  oxygen,  and  a  residue  of  oxide  and  chloride  of  cooalt.  (Wachter, 
Ann,  Fharm.  52,  233.)  IT 

Cobalt  and  Fluorixe. 

A.  Fluoridb  of  Cobalt  and  Htdrofluatb  of  Cobalt-oxidb.— 
The  solution  of  carbonate  of  cobalt-oxide  in  excess  of  aqueous  hydro- 
fluoric acid  deposits  on  evaporation,  as  the  free  acid  escapes,  a  rose- 
coloured,  crystalline  crust.  (Gay-Lussac  &  Th^nard.)    The  composition 
vol.  y.  z 
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of  this  depo6it  ia  CoP,«HO.  It  dinolTM  wWioiit  dMompofliiiMi  te 
oontaiBing  hydrofliaoiio  ftoid,  also  in  small  qnantitiefl  of  pai«  oold 
forming  a  saturated  solution  which  again  yields  crystals  on  erapo — 
but,  on  boiling  with  krger  quantities  of  water,  the  ciystalline  crust  i^ 
resolved  into  an  acid  salt  which  dissolves  and  the  compound  B. — FlnonM 
of  oobalt  unites  with  the  flnorides  of  the  alkali-metals,  forming  sparmgljr 
fusible,  slightly  coloared  salts.  (Benelins.) 

B.  OxTPLUORmBOFOoBALT.—2(CoO,CoF)+ HO.— Produced  ia  *lie 
form  of  a  pale  red  powder  when  fluoride  of  cobalt  is  boiled  with  ^^^^  ^"^ 
when  aqueons  hydrofluoric  acid  is  digested  with  excess  of  oobaltNcartonMa. 
(BeneUos,  Fogg,  I,  26.) 

C0BAI.T  AIXD  NiTBOOEN. 

A.  Nitrate  op  Cobalt-oxtdb,  or  Cobalt-hitbate. — a.  Se^fonc. 
The  blue  precipitate  produced  by  adding  excess  of  ammonia  to  a  well 
boiled  solution  of  mononitrate  of  cobalt-oxide,  the  air  being  carefully 
excluded. — On  the  slightest  access  of  air,  the  precipitate  ouickly  assumes 
a  grass-green  colour,  and  gradually  redissolves  in  the  liquid;  but  the 
portion  which  remains  undissolved,  if  washed  by  repeated  agitation  with 
thoroughly  boiled  water— access  of  air  being  prevented  as  much  as  possible 
—and  then  quickly  dried  between  folds  of  bibulous  paper,  dries  ap  to  a 
grass-green  powder.  This  powder  when  heated  gives  off  water  ^  and 
acquires  a  darker  colour;  when  dissolved  in  cold  nitric  or  acetic  acid,  it 
leaves  brown  flakes  which  do  not  dissolve  till  the  liquid  is  heated.^  It 
turns  brown  when  boiled  with  caustic  potash,  which  abstracts  the  nitric 
acid,  but  does  not  give  rise  to  evolution  of  ammonia.  Aqueous  oxalic 
acid  converts  it  into  pale  red  oxalate  of  cobalt-oxide,  but  the  greenish 
colour  of  the  solution  likewise  indicates  the  formation  of  cobaltoso-cobaltic 
oxalate.  The  green  precipitate,  if  immersed,  while  fresh,  in  water  con- 
tained in  a  vessel  exposed  to  the  air,  is  gradually  converted  into  yellow 
hydrate  of  cobaltoso-cobaltic  oxide  (p.  326),  while  the  water  takes  up 
monobasic  cobalt-nitrate  and  turns  red. 


6C00 

NO* 

225         ....         69*44 
54        ....         16-67 
45         ....         13-89 

Winkdhtodi. 

69.30 

16-54 

5HO    

14-16 

6CoO,NO*  +  5i 

LQ.  ........ 

324 

•  ••• 

10000 

100-00 

The  blue  precinitate  must  be  regarded  as  the  pure  sexbasic  salt;  the 
green  compound  contains  a  small  quantity  of  yellow  cobaltoso-cobaltic 
hydrate;  nevertheless  it  appears,  from  the  quantity  of  carbonic  acid  which 
it  evolves  when  heated  with  oxalic  acid  aiid  a  small  quantity  of  water, 
that  it  only  contains  0-502  per  cent,  more  of  oxygen  than  it  shoiiid 
contain  if  it  consisted  wholly  of  a  salt  of  the  protoxide.  (Winkelblech.) 

h.  Monobasic. — Formed  by  dissolving  the  metal,  the  protoxide,  the 
hydrated  protoxide,  or  the  carbonate  in  dilute  nitric  acid. — The  carmine- 
coloured  solution  yields  red  crystals  on  evaporation.  They  deliquesce  in 
moist  air,  and  contain  6  atoms  of  water.  (Millon,  Compt  rend,  14,  905.) 
They  fuse  below  100®,  and  at  a  higher  temperature  give  oflT  water  and 
melt  into  a  violet-red  liquid,  which  afterwards  becomes  green  and  thickish, 
and  is  ultimately  converted,  with  violent  intumescence  and  evolntion  of 
nitrous  fumes,  into  black  sesqnioxide  of  cohait.     Characters  written  on 
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paper  viih  the  solution  of  thifi  salt,  assume  a  peach-blossom  colour  when- 
eyer  the  paper  is  heated.  (Proust.) 

Anhydnnti,  Ory§taUiMed. 

CoO 37-5     ....    40-98  CoO 37-5     ....    26-78 

N0« 64-0    ...,    69-Oa  NO* 54-0    ....    37-11 

6H0   540    ....    3711 

CoO, NO*  ....    91-5    ....  100-00  +6Aq 145-6    ....  10000 

Protoxide  of  cobalt  ndther  dissolFOS  nor  snifers  any  alteration  when 
immersed  in  aqueous  Afiamwiia  either  warm  or  cold;  but  if  an  aramoniaoal 
salt  be  added,  and  the  air  has  access  to  the  liquid,  the  oxide  dissolyes 
and  forms  a  brown  solution.  (Winkelblech.) 

B.  Carbonate  op  Cobalt-oxide  anp  Ammonia. — C<ihalU>9thammonic 
Carbonate, — Formed  by  dissolving  carbonate  of  cobalt-oxide  in  aqueous 
carbonate  of  ammonia,  or  in  pure  ammonia,  whereby  the  oxide  is  sepa- 
rated out;  or  by  dissolying  hydrated  cobalt-oxide  in  carbonate  of  am- 
monia, whereupon  ammonia  is  perhaps  set  free.  Carmine-coloured  liquid 
which  is  not  rendered  turbid  by  water,  so  long  as  it  contains  but  a  slight 
excess  of  ammonia.  (Proust.)  When  exposed  to  the  air,  it  deposits  small 
crystals  of  cobalt  carbonate. 

The  rose-coloured  solution  of  Metaphosphate  of  cohaU-oxide  in  Am- 
monia yields  no  deposit  on  exposure  to  the  air,  even  if  it  be  evaporated 
to  the  consistence  of  a  syrup.  (Persoz,  Ann.  Chim,  Phys.  56,  333.) 

C.  CoBALTo-HYPOsuLPHATE  OF  Ammonia. — A  concentrated  solution 
of  hyposulphate  of  cobalt- oxide,  mixed  with  ammonia  and  heated,  yield$ 
a  green  precipitate  and  a  violet-red  liquid  from  which  red  crystals  are 
deposited  in  the  cold.  The  mother-liquid  becomes  turbid  when  evapo- 
rated, from  deposition  of  hydrated  cobalt-oxide,  and  ultimateljr  yields 
crystals  of  hyposulphate  of  ammonia. — Red  rectangular  prisms  which  soon 
turn  brown  and  lose  their  lustre.  With  water  they  are  resolved  into  a 
pale  red  solution — ^which,  besides  q*  small  quantity  of  cobalt,  contains 
ammonia  and  hyposulphate  of  ammonia — and  green  flakes,  which  contain 
cobalt  and  hyposulphuric  acid  but  no  ammonia,  dissolve  in  cold  hydro- 
chloric acid  with  evolution  of  chlorine,  and  probably  consist  of  basic 
hyposulphate  of  cobalt-oxide.  (Bammelsberg,  Po^^.  58,  296.) 

CrpstailiJtted.  RammeUberg. 

5NH8 85       ....       27-25         27-27 

Co»0» 83       ....       26-60         25-27 

2S20» 144       ....       46-15        44-60 

3NH8,Co20«  +  2(NH»,S«0*)         312       ....     100-00        IZT       9714 

D.  Ammonio-sulphate  of  Cobalt-oxide. — Anhvdrons  sulphate  of 
cobalt-oxide  absorbs  66*48  per  cent,  of  ammoniacal  gas,  with  strong 
evolution  of  heat  and  considerable  tumefi^ction,  and  forms  with  it  a  very 
piaie  reddish-white  powder.  At  a  moderate  red  heat,  this  solwtance  melts, 
turns  blue,  gives  off  a  large  quantity  of  ammonia,  and  yields  a  small 
sublimate  c^  sulphite  of  ammonia.  It  dissolves  in  water,  forming  a 
reddish  solution,  with  separation  of  green  flakes.  (H,  fiosQ,  J^o^» 
20, 152.) 

z2 
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H.  Roae. 

3NH»   51'0      ....      39*69        39-93 

CoO,SO» 77-5      ....      60-31         6007 

3NH»  +  CoO,SO'    128-5       ....     10000        ~.       100*00 

£.  SuLPnATE  OF  Cobalt-oxide  and  Ammonia. — ^Red  cry8tal8= 
NH^O,  SOHCoO,SO'+6Aq,  isomorphous  with  those  of  sulphate  of 
magnesia  aud  ammonia.  (Mitscherlich^  eomp,  Proast^  J^,  OM,  3,  411.) 

F.  Ammonio-iodide  of  Cobalt. — Terbasic. — Dry  iodide  of  cobalt 

becomes  strongly  heated  in  a  stream  of  ammoniacal  gas,  swelling  up  and 

absorbing  28*695  per  cent,  of  the  gas,  and  is  converted  into  &  reddish 

yellow  powder.  (RammeLsberg.) 

Runmeltbeii;. 

3NH»    510  •     ....      24-70        22-30 

Col 1553       ....       7530        7770 

"~3NH>,CoI    206-5      ....     10000        ZZZ      lOO'OO 

h,  Bihanc, — The  concentrated  solution  of  iodide  of  cobalt  forms  with. 
ammonia  a  reddish-white,  pulverulent  precipitate,  which  dissolves  when 
heated,  leaving  only  a  few  dark  green  flakes,  and  forms  a  violet  liquid; 
this  solution  assumes  a  deep  red  colour  on  cooling,  and  soon  deposits 
small  rose-coloured  crystals,  having  the  same  composition  as  the  reddish- 
white  powder.  The  crystals,  when  heated,  leave  a  residue  of  iodide  of 
cobalt;  and  when  this  residue  is  dissolved  in  water,  19  per  cent,  of 
oxy-iodide  of  cobalt  remains  undissolved,  and  ammonia  and  water  are  set 
free.  The  water,  which  amounts  to  between  3  and  7  per  cent,  does  not 
appear  to  be  essential  to  the  constitution  of  the  compound;  it  does  not» 
however,  escape  till  the  temperature  is  raised  above  100%  and  cannot 
therefore  be  removed  without  decomposition  of  the  substance.  The 
crystals,  even  when  dried  in  the  air,  give  off  ammonia,  turn  brownish,  and 
afterwards  green.  When  the  crystals  are  dissolved  in  water,  ammonia  is 
set  free  and  oxy-iodide  of  cobalt  separates  in  green  flakes;  the  colourless 
liquid,  which  contains  much  iodnie  and  a  small  quantity  of  cobalt, 
acquires  a  reddish  colour  by  exposure  to  the  air.  (Rammefsberg,  jPo^^* 
48,  155.) 

Jfier  deducting  the  water,  Rammelsbeig. 

2NH»   340      ....       17-94 

Col   155-5      ....      82-06        8066 

2NUS,CoI 189-5       ....     100-00 

G.  loDATB  OF  CoBALT-oxiDB  AND  Ammonia.-— The  rod-brown  solu- 
tion of  cobalt-iodate  in  ammonia  yields,  on  the  addition  of  alcohol,  a  pale 
rose-coloured  precipitate,  which,  when  heated,  first  becomes  yellowish- 
brown,  then  black,  and  gives  off  ammonia,  iodine,  oxygen  gas,  and 
water.  The  compound  is  likewise  decomposed  by  water.  (Rammelsbeigy 
Po^S^.  44,  561.) 

H.  Ammonio-bromide  of  Cobalt. — Anhydrous  bromide  of  cobalt 
absorbs  ammoniacal  gas  and  is  converted  into  a  red  powder,  which  turns 
brown  after  some  time.  This  substance  gives  off  its  ammonia  when 
heated.  Water  immediately  resolves  it  into  green  flakes,  which  contain 
bromine  even  after  washing,  and  a  light  brown  ammoniacal  liquid,  which, 
when  evaporated  over  oil  of  vitriol,  leaves  a  brown^  amoxphous  mass; 
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the  latter  dissolves  in  water,  forming  a  red-brown  solution,  and  leaves 
a  residue  of  brown  hjdrated  sesquiozide  of  cobalt.  (Rammelsberg,  Fogg. 
55,  245.) 

Rammelsberg* 

8NH»    51-0      ....      32-09        ....        31*2 

CoBr    107-9      ....      67-91        ....        68-8 


-w 


3NH»,CoBr 158-9      ....     100-00        ....       1000 

I.  Ammonio-seiquibramide  of  Cobalt? — A  concentrated  [solution  of 
bromide  of  cobalt  saturated  with  ammonia  yields  blue  flakes  and  a  red 
liquid;  the  former  quickly  turn  green  when  exposed  to  the  air;  the  latter 
turns  brown  and  sometimes,  though  rarely,  yields  a  few  red,  square  tables. 
These  crystals,  when  heated,  give  off  ammonia  and  hydrobromate  of 
ammonia,  then  bromine,  and  leave  a  green  residue  of  bromide  of  cobalt. 
They  dissolve  in  water,  forming  a  red  solution,  which,  soon  after  boiling, 
becomes  turbid,  gives  off  ammonia,  and  yields  a  brown  precipitate  of 
hydrated  sesquioxide  of  cobalt;  potash  does  not  precipitate  the  hydrated 
sesquioxide  till  the  liquid  is  boiled.  The  crystals  are  probably  a  com- 
pound of  sesquibromide  of  cobalt  with  ammonia. — ^When  the  solution  of 
bromide  of  cobalt  supersaturated  with  ammonia  and  turned  brown  by 
exposure  to  the  air — in  which  state  it  gives  no  precipitate  with  alcohol — 
is  gently  evaporated,  it  deposits  brown  hydrated  sesquioxide  of  cobalt; 
and  the  filtrate,  if  left  to  evaporate  over  oil  of  vitriol,  dries  up  to  a  brown 
mass,  which  may  be  freed  by  washing  with  alcohol  from  the  admixed 
crystals  of  hydrobromate  of  ammonia.  The  brown  residue  dissolved  in 
a  small  quantity  of  water  and  filtered  from  the  reproduced  hydrated 
sesquioxiae,  deposits,  on  the  addition  of  alcohol,  a  brown  powder  which 
contains  ammonia,  and  forms  a  dark-coloured  solution  in  water;  it 
contains  20*39  p.  c.  ammonia,  22-67  cobalt,  37*75  bromine,  and  a  large 
quantity  of  water— probably  3Co*0',  2Co'Br',  15NH»-f  20Aq.  (Ram- 
melsberg.) 

K.  Cobalto-bromate  of  Ammonia  ? — Bromate  of  cobalt-oxide  heated 
with  ammonia  forms  a  blue  precipitate  which  turns  green  in  the  air,  and 
a  dark  red  solution  which  acquires  a  dark  brown  colour  by  exposure  to 
the  air,  and  when  sufficiently  concentrated  and  exposed  to  a  low  tempera- 
ture, deposits  red  needles.  If  it  be  then  evaporated,  it  becomes  turbid 
and  deposits  brown  hydrated  sesquioxide;  and  if  afterwards  filtered, 
mixed  with  a  small  quantity  of  ammonia  and  evaporated  over  oil 
of  vitriol,  it  deposits  dark  brown  spherical  aggregates  of  small  crystals, 
which  are  apt  to  decompose  and  exhale  bromine  during  drying.  They 
deliquesce  in  the  air  with  tolerable  rapidity  and  form  a  brown  mass ; 
dissolve  without  turbidity  in  water;  evolve  chlorine  [bromine?]  when 
treated  with  hydrochloric  acid,  and  ammonia  when  treated  with  potash, 
hydrated^sesquioxide  of  cobalt  being  precipitated  in  the  latter  case. 

Cryttallized,  Rammelsberg. 

7NH» 119-0      ....      11-85        ....        11-85 

Co»0» 83'0      ....        8-26        ....  8-56 

6BrO« 694-4      ....      69-14        ....        67-96 

12HO 108-0      ....       10-75 

1004-4       ....     100-00 

According  to  this,  the  compound  should  be:  NH',Co'0'+6(NH',BrO*)-f 
12Aq,  or  if  cobaltic  acid  be  supposed  to  be  present  instead  of  the  sesqui- 
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oxide:  NH',2CO«+e(NH«,BK)*)  +  12Aq.     Rammelehetg  *?i^ -S^™ 
his  analjses,  the  formola:  (4NH«+Co*0*,  8BrO*+9Aq)4-2NH  ,  un^* 

L.  AMstONio-CHLORiDE  OP  CoBALT.— Dry  cWoride  of  cobalt  /^?^ 
rapidly  absorbs  5243  per  cent,  of  ammoniacal  gas,  the  combination  t>eiiig 
attended  with  rise  of  temperature  and  intumescence;  the  product  is  a 
bulky  powder  of  a  very  pale  reddish-white  colour.  This  substance  wnen 
ignited  gives  off  a  large  quantity  of  ammonia  and  a  little  «a^-*°*?^^|f:*^ 
and  leaves  a  blue  mass  only  partially  soluble  in  water.  Tl^  ^^f!SS 
powder  forms  a  red-brown  solution  in  water,  gteen  protoxide  (n  coi»t^ 

Deing  separated.  (H.  RosOi  Poffff.  20,  157.) 

H.  Rose. 

fNH»    S40      ....      34-38        ....        34-40 

Cog 64-9      ....      65-62        ....        6&'6Q 

2NH«,CoCl 98-9      ....     10000        ....       lOO'OO 

M.  Flvoridb  op  Cobalt  and  Ammonium.  — Pale  red  cfystalline 
granules,  slightly  soluble  in  water.  (Berselius.) 

N.  NiTRATB  OP  GoBALT-oxiDB  AND  Ammonia.— Formed  by  mixing 
a  solution  of  cobalt-nitrate  [containing  excess  of  acid  t]  with  ammoniA 
Rose-coloured  cubes  and  funnel-shaped  masses  like  those  of  common  eait, 
permanent  in  the  air,  baring  a  urinous  taste,  and  deflagrating  in  » 
red-hot  crucible,  like  nitrate  of  ammonia.  (Th§nard,  tScher.  J.  10,  426.> 

O.  CoBALTO-NiTRATB  OP  Ammonia.— A  perfectly  neutral  soletion  of 
eobalt-nitrate  yields,  with  ammonia,  a  blue  precipitate  which  soon  tnms 
green.  The  liquid  becomes  brown  in  the  air;  and  if  it  be  ^^^^^^ 
with  air  for  some  time  in  a  dosed  vessel,  oxygen  Is  absorbed,  and  tbe 
whole  of  the  green  precipitate  ultimately  dissolved.  (According  to  j'^in- 
kelblech,  the  precipitate  is  but  partially  redissolved.)  The  clear  dark- 
brown  solution  thus  obtained,  deposits  at  a  low  temperature  brown,  trans- 
parent, four-sided  prisms.  If  the  cobalt-solution  contains  exisess  of  7***"9 
acid,  it  forms  with  ammonia  a  clear  red  mixture,  which,  when  agitated 
with  air,  is  converted  into  the  same  brown  liquid. — An  acid  solution  of 
cobalt-nitrate  supersaturated  with  ammonia  in  a  tube  filled  with  oxygen 
gas  and  standing  over  mercury  (whereby  no  turbidity  is  produced)  and 
then  agitated,  absorbs  3*9  pts.  (nearly  4  At.)  of  oxygen  for  every  37*5 
pts.  (1  At.)  of  protoxide  of  cobalt  dissolved.  This  would  indicate  the 
formation  of  sesquioxide  of  cobalt,  were  it  not  that  we  may  suppose  that 
part  of  the  cobalt  remains  in  solution  as  protoxide,  and  that  certain 
decompositions  of  the  liquid,  e,  g,  the  evolution  of  nitrogen  by  potash, 
seem  to  denote  a  higher  degree  of  oxidation. 

The  crystals  dissolve  without  decomposition  in  aqueous  ammonia,  and 
form  a  brown  solution  j  but  in  water  they  dissolve  but  partially,  with 
evolution  of  nitrogen,  and  separation  of  brown  hydrated  sesquioxide 
of  cobalt.  When  exposed  to  the  air,  they  become  dull  and  reddish, 
probably  from  loss  of  ammonia  and  absorption  of  carbonic  acid.— The 
brown  bquid  obtained  by  supersaturating  nitrate  of  cobalt-oziide  with 
ammonia,  and  agitating  with  air,  gives  off  nitrogen  gas  when  heated,  and 
assumes  a  red  colour,  but  remains  clear.  (According'  to  Hess^  the  liquid 
may  be  boiled  without  decomposition.) — ^When  exposed  to  the  open  air,  it 
tuftis  red  from  loss  of  ammonia  and  absorption  of  carbonic  acid,  and 
deposits  hydrated  sesquioxide  of  cobalt.    With  potash  at  ordinary  tempo- 
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rainres^  it  slowlj  eyolres  nitrogen,  and  deposits  brown  hjdrated  seaqni- 
oxide.  (According  to  Hess,  it  forms  a  dingy  green  precipitate  with 
potash,  not  in  the  cold,  but  on  the  application  of  heat,  and  the  decompo- 
sition takes  place  without  evolution  of  gas.  According  to  Winkelblech, 
also,  no  nitrogen  is  eyolved  in  this*  reaction.  The  author  introduced 
potash  into  a  quantity  of  the  brown  liquid  standing  oyer  mercury,  and 
myariably  obtained  an  eyolution  of  gas.) — The  liquid,  when  mixed  with 
cold  sulphuric  or  nitric  acid^  giyes  off  oxygen,  and  assumes  a  pale  red 
colour.  (Gm.) 

The  sulphate  and  hydrochlorate  of  cobalt-oxide  exhibit  totally  dif- 
ferent reactions  with  ammonia. 

Neutral  Sulphate  of  Cobalt-oxide  forms  with  ammonia  a  copious  blue 
precipitate  which  soon  turns  green,  and  if  agitated  with  air  for  some 
time,  becomes  brown,  but  does  not  dissolve;  the  supernatant  liquid  is  red. 
— If  the  solution  of  the  sulphate  is  previously  supersaturated  with 
sulphuric  acid,  it  yields  with  ammonia  a  pale  red  mixture,  which  becomes 
pale  brown  on  agitation,  and,  in  the  course  of  24  hours,  deposits  a  few 
brown  transparent  crystalline  tables,  the  liquid  itself  assuming  a  pale 
red  colour. 

Neutral  nydroMorcUe  of  CobcUt-oxide  yields  with  ammonia  a  copious 
blue  precipitate,  which  soon  turns  green,  and  if  agitated  with  air  assumes 
a  brown  colour,  but  does  not  dissolve  :  the  supernatant  liquid  is  pale  red. 
— If  the  solution  has  been  previously  mixed  with  sal-ammoniac,  the 
addition  of  ammoniac  produces  a  clear,  pale  red  mixture,  which,  when 
agitated  with  air  in  a  close  vessel,  soon  becomes  light  brown,  then  dark 
brown,  and  thereupon  yields  a  brown  precipitate,  while  the  liquid  resumes 
its  red  colour. 

With  SuLpkate  of  CclaU-oxide  and  Fotashy  ammonia  produces  first 
a  blue,  then  a  green,  and  lastly  a  brown  precipitate,  and  a  colourless 
liquid.  (Gm.) 

Cobalt  and  Potassium, 


A.  CoBALTiTB  OF  PoTASH.*— a.  Protoxidc  of  cobalt  dissolves  in  fused 
hydrate  of  potash,  forming  a  clear,  blue  liquid,  which  when  heated  for  a 
somewhat'  longer  time,  becomes  brown  and  solid,  while  the  cobalt  sepa- 
rates out  in  the  form  of  sesquioxide.  The  blae  liquid  forms  a  blue  mass 
on  solidifying.  (Gm.) 

6.  Wnen  a  cobalt-solution  is  dropped  into  strong  boiling  potash-ley, 
the  blue  precipitate  first  changes  into  the  red  hydLrate,  and  afterwards 
dissolves,  forming  a  blue  solution.  This  solution,  when  diluted  with 
water,  deposits  the  cobalt  in  the  form  of  hydrated  protoxide,  and  if  the 
the  air  has  access  to  it,  in  the  form  of  sesquioxide  (Proust);  see  also 
Volker  {Ann.  Pharm.  59,  34). 


B.  Carbonate  of  Cobalt-oxide  and  Potash. — a.  Cobalt-oxide  dis- 
solves pretty  freely  in  carbonate  of  potash,  when  heated  with  it  before  the 
blowpipe  on  platinum ;  the  mass  appears  black  when  cold.  (Berzelius.^ — 
6.  The  hydrate  and  carbonate  of  oobalt-oxide,  but  not  the  ignited  oxide, 
diflsolya  in  stronff  earbonate  of  pctaih,  forming  a  red  solution,  which  is 
pxeoipitated  by  Elation  Tritb  water,  but  not  by  heat.  (Pionst^  Omelin.) 
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C.  Sulphate  op  Cobalt-oxibb  ahb  Potabh.— Red  cryBtals  li»TiBg 
the  same  fonn  as  those  of  sulphate  of  magnesia  and  ammonia.  (Mitseher- 
iich.)  The  crystals  are  somewhat  less  solahle  in  water  than  thoee  of 
cobaltrsnlphate.  (Proust.) 

OyHaOiMed.  Mitscheriich'B  Cafeohtloii.        Pronit. 

KO  47-2    ....     21-58 

CoO 37-5    ....     1715 

2SO» 80-0    ....    36-58 

6HO 54-0    ....    24-69        ....        26 

KO,SO>  +  CoO,SO> + 6Aq 218-7    ....  10000 

D.  Fluoridb  op  Cobalt  jjxd  Potassiux. — Pale  red,  granular  dystals^ 
slighUj  soluble  in  water.  (Benelius.) 


Cobalt  ahd  Sobiux. 

A.  CoBALTiTE  OP  SoBA. — ^Cohalt-oxido  behares  with  soda  in  the  same 
manner  as  with  potash. 

B.  Carbonate  op  Cobalt-oxibe  and  Soda. — a.  Carbonate  of  sods 
heated  on  platinum  before  the  blowpipe  with  protoxide  of  cobalt,  dissolTCs 
much  less  of  that  oxide  than  carbonate  of  potash;  the  mass,  while  in  the 
fused  state^  appears  reddish  by  transmitted  light;  on  cooling  it  tnma 
grey.  (Berzelius.)  —  b.  On  supersaturating  a  cobalt-salt  with  stroiif 
carbonate  of  soda^  the  red  precipitate  redissolyes  and  forms  »  red 
solution. 

C.  and  D.— -Cobalt-salts  dissolye  in  fused  Borax  or  Mteroeotmic  Saii, 
formiug  a  clear  blue  glass,  the  colour  of  which  is  so  strong  that  it  appears 
black  if  the  quantity  of  cobalt  is  somewhat  large. 

Y  E.  Metapbosphate  op  Cobalt-oxide  and  Soda. — Phosphoric 
acid  prepared  and  purified  by  6regorj*s  method  (II.  130),  and  still  con- 
taining magnesia  and  soda,  is  mixed  with  solution  of  cobalt-sulphate,  tho 
liquid  evaporated  to  a  sjrupj  consistence,  and  the  residue  heated  abore 
31  Q°. — The  salt  thus  obtained  is  of  a  fine  rose-colour;  it  is  insoluble  ia 
water  and  dilute  acids,  but  dissolves  in  strong  sulphuric  acid. 

MaddrdL 

€CoO 225-0    ....     29-77        ....         30-28 

NaO    _,        31-0     ....       4-14         ....  436 

yPO* 499-8     ....     6609         ....         l»5-46 

6(i:oO  PO»)  +  N«0,PO*  754-8     ....  10000        ~       10010 

(Maddrell,  Ann.  Fharm.  61,  57.)  T 


Cobalt  and  Calcium. 

Htpophosphite  op  Cobalt-oxide  and  Lime. — By  boiling  hypo- 
phosphite  of  lime  with  oxalate  of  cobalt- oxide  in  excess,  and  evaporatine 
and  cooling  the  filtrate,  red  octohedrons  are  obtained  which  rapidly 
deliquesce.    When  heated  in  a  retort,  they  evolve  a  mixtoxo  of  hydrogen 
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and  phosphuretted  bydrogen,  not  inflammable  at  ordinary  temperatures; 
and  leave  a  residue,  wbicb  is  insoluble  in  bydrocbloric  acid^  not  even 
giying  up  its  lime  to  tbat  acid.  (H.  Rose,  Pogg.  12,  295.) 

Cry9talliz9d.  H.  Rose. 

2CaO 560  ....  19-73    ....     1876 

CoO    37-5  ....  13-22     ....     13-47 

3PO   118-2  ....  41-67 

8HO  720  ....  25-38 


.... 


2(CaO,PO)  +  CoO,PO  +  8Aq 283*7        ....      10000 


Ck)BALT  AND  MaONESIUM. 


CoBALTiTB  OP  MAONBSiA.'—a.  Magnesia  ignited  witb  oobalt-nitrate 
assumes  a  pale  rose-colour.  MinertJs  containing  magnesia  likewise 
exbibit  a  rose-colour  vbeu  tbeir  powder  is  ignited  witb  cobalt-nitrate, 
proyided  tbey  do  not  contain  alumina  or  a  beavy  metallic  oxide.  (Ber- 
zelius.)— 5.  Wben  ammonia  is  added  to  a '  mixture  \)f  neutral  bydro- 
cblorate  of  cobalt-oxide  and  bydrocblorate  of  magnesia,  a  green  preci- 
pitate is  produced,  wbicb  contains  10  per  cent,  of  magnesia;  does  not 
turn  brown  during  wasbing,  but  remains  green;  is  insoluble  in  pure 
ammonia  and  carbonate  of  ammonia,  but  dissolves  easily  in  sal-ammoniac, 
forming  a  dingy  yellow  solution,  from  wbicb  it  is  again  precipitated 
by  potasb,  and  turns  blackisb-grey  on  ignition.  (Berzelius,  Pogg. 
33,  126.) 

Cobalt  and  Aluminum. 

Aluminate  op  Cobalt-oxide. — Wben  alumina^  or  a  body  containing 
alumina,  or  tbe  precipitate  obtained  on  adding  an  alkali  to  a  mixture  of 
alumina,  as  free  as  possible  from  iron,  with  a  cobalt-salt,  is  ignited  with 
cobalt-nitrate,  a  bright  blue  compound  is  produced.  LeUhner^s  Blv^ 
which,  after  ultramarine,  is  tbe  best  and  most  permanent  colour  for  oil- 
painting,  and  is  likewise  used  for  colouring  on  porcelain,  is  of  this  compo- 
sition. ThSnard^B  Blue,  obtained  by  igniting  hydrate  of  alumina  with 
phosphate  or  arseuiate  of  cobalt-oxide,  likewise  belongs  to  this  head. 
IT  According  to  Louyet  (InstU.  1849,  206),  a  mixture  of  hydrate  of 
alumina  and  hydrated  cobalt-oxide  does  not  assume  a  blue  colour  till  it  is 
heated  to  the  melting  point  of  glass,  a  red  heat  merely  rendering  it  black 
or  grey;  whereas  a  mixture  of  hydrate  of  alumina  with  phosphate  or 
•arseuiate  of  cobalt-oxide,  becomes  blue  when  heated  merely  to  redness.  IT 


Cobalt  and  Silicium« 

A.  Silicate  op  Cobalt-oxide. — The  aqueous  solution  of  soluble 

flass  produces  with  cobalt-salts  a  beautiful  blue  precipitate,  which 
ecomes  very  pale  on  drying.  (Fuchs,  Kastn,  Arch.  5,  400.)  The  solu- 
tion of  quaidrosilicate  of  soda  gives  no  precipitate  with  cobalt-salts. 
(Walckner.) 

B.  Htdrated  Fluoride  of  Silicium  and  Cobalt,  or  Htdrofluatb 
OF  SiucA  AND  Cobalt-oxide. — Obtained  by  dissolying  carbonate  of 
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eobftlt-oxide  in  hjdroflaoeilirio  add.     Plde  rod  rhombobedrons  mmI 
aided  pri8iii0«:Ck)F,  SiF*+7Aq.,  eaailj  soluble  in  water.  (Beneiint.) 

C.  Cobalt-glass. — Cobalt-oxide  imparts  to  glass  fluxes  a  deep  and 
pare  blue  colour. — By  fusing  roasted  cobalt-ores  witk  quartz-sand  and 
potash,  a  dark  blue  glass  is  obtaine4l,  which  when  pnlrerized  forms 
SmcUt, 


Cobalt  akd  Tuncwtbdv* 

A.  TuNosTATE  OF  CoBALT-oxiDE.— a.  MonotungstoU, — Alkaline 
monotungstates  form  with  neutral  cobalt  salts  a  precipitate,  which  assnmea 
a  violet  colour  after  washing  and  drying — ^becomes  greenish-blue,  and 
giyes  off  water  at  a  red  heat— and  ata  nigher  temperature,  cakes  together 
slightlji  and  becomes  bluish-Uaok.  It  is  insoluble  in  water  and  in  eold 
nitric  acid,  imperfectlj  soluble  in  oxalic  acid,  but  perfectlj  soluble  ift 
heated  phosphoric  or  acetic  acid.  (Anthon.) 

Ignited,  Anthmi. 

CoO 37-5        ....        23-81        ....        23*6 

WO> 120-0        ....        7619        ....        76  4 

CoO,WO» 157-5        10000        ....      1000 

Dried  in  the  air,  Antfaoo. 

CoO 37-6  ....  21-37  ....  21 

W0> 1200  ....  68-38  ....  68 

2HO 180  ....  10-25  ....  11 

+  2Aq 175-5        Z       lOO'OO         Z       100 

h,  2^»0u9^^9teM.— Bypreoipitatinff  with  an  alkaline  bitungstate.  Red- 
brown,  insoluble  in  water,  imperfectly  soluble  in  oxalic  acid,  but  perfeetly 
soluble  in  phosphoric  or  acetic  acid,  and  in  ammonia.  (Anthon,  J,  pr. 
Chem.  9,  844.) 

Anthon. 

CoO »7*5        ....         13*52        ....         14*28 

2WO»   240-0        ....        86-48        ....        85*72 

CoO,2WO»  277-5        Z       10000        Z       100*00 

AnthoA. 

CoO 37-5        ....        12-31        ....         13 

2W0> 240-0        ....        78-82        ....         78 

3H0    27-0        ....  8-87        ....  9 

+  3Aq 304-5         Z       10000        Z       100 

B.  SuLPHOTUNOSTATB  09  CosALT. — CoS,WS\ — The  aquoous  mixture 
of  sulphotungstate  of  potassium  and  a  cobalt-salt,  is  dark  brown,  and  in 
the  course  of  24  hours  yields  a  black  precipitate.  (Beixelins.) 


Cobalt  and  Moltbdenitm. 

A.  MoLTBDATB  OF  CoB ALT- OXIDE. — Dirty  vellow  precipitate,  which 
Decoines  red  when  dry,  and  is  decomposed  by  alkalis  and  by  the  stronger 
«cids.  (Benelins.) 
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B.  SuLPHOHOLTBDATB  OP  CoBALT. — Black-browD  precipitate^  which 
dissolves  in  the  aqueous  potaMiam-oompoundi  imparting  a  black  colour  to 
the  liquid.  (Berzelius.) 

C.  PBRSiriiPHOMOLTBDATB  OF  CoBALT.«^Dark  red-browB  precipit«|e 
(Berzelius.) 

Cobalt  and  Vanadium. 

Vanadiate  op  Cobalt-oxide. — Mo7iovanadiate,-^VieddiB\i  straw- 
yellow,  insoluble  in  water. — b.  Acid  Vanadiate, — Soluble  in  water,  from 
which  alcohol  precipitates  it  in  the  form  of  a  rusty  yellow  powder. 
(Berzelius.) 

Cobalt  and  Chromium. 

Chromate  op  Cobalt-oxide. — Monochromate  of  potash  forms,  with 
cobalt-salts,  a  light  red-brown  precipitate,  probably  consisting  of  a  basic 
salt,  inasmuch  as  the  liquid  retains  its  orange-yellow  colour.  (&m.) 


Cobalt  and  Manganese. 

Hypermanganate  of  potash  does  not  precipitate  cobalt^salts.  (From- 
herz.) 

PEftOXtDE    op  MANOANEBia    WITH    ProTOXIDE    OF     COBALT.< — Black 

Earthy  Cobalt. — Amorphous,  very  friable ;  has  an  earthy  and  piano- 
conchoidal  fi%kcture.  Sp.  gr.  2*22;  colour  brown*black.  When  heated, 
it  gires  off  water  and  oxygen  gas,  sometimes  also  arsenious  acid.  Does 
not  fuse  before  the  blowpipe;  colours  borax  blue  :  with  Carbonate  of  soda 
on  platinum,  it  yields  mineml  chameleon ;  and  on  charcoal  in  the  inner 
flame,  a  white,  slightly  magnetic  metal.  Dissolres  in  cold,  strong,  hydro- 
chloric acid,  forming  a  brown  solution,  which  turns  blue  when  heated, 
and  becomes  red  on  cooling:  the  act  of  solution  is  attended  with  copious 
evolution  of  chlorine.  According  to  Rammelsberg  (Pogg.  54,  551),  the 
ore  from  Saalfeld  should  be  regarded  as  (CoO;  CuO),2MnO'+4Aq;  the 
quantity  of  manganese  is,  howeyer,  much  too  small  to  agree  with  this 
K)rmula. 


Rammelsberr. 

At. 

Biack  Earthy 

Cobalt. 

Saalfeld. 

KO 

•  ••• 

•  «•• 

0-37 

BaO  

•  •■■ 

•  •■• 

0*50 

CoO  

6 

•  It* 

187-5 

•  ■•• 

19-30 

19-45 

CuO  

1 

•  ••• 

400 

•  •■• 

4*12 

••••           4-00 

MnO 

12 

•  ••• 

432*0 

•  ••• 

44-46 

4005 

O    

12 

■  *•! 

960 

*••• 

9-88 

9-47 

HO    

24 

•  ••• 

2160 

•  v«« 

22-24 

21-24 

Fe20» 

•  ••• 

•  ••■ 

4-55 

971-5        ....      100-00        ....        99-99 


Yellow  Earthy  Cobalt  is  a  dense  or  earthy  mixture  of  the  hydrated 
arseniates  of  lime,  cobalt-oxide,  and  ferric  oxide,  and  often  contains  a 
small  quantity  of  antimony. 
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Cobalt  and  ARSonc. 

A.  Arsenide  of  Cobalt. — a.  A  mixture  of  2  parts  of  cobalt  and  3  of 
ponnded  arBenic,  yields,  when  heated,  a  blackish-gre j,  porous  compound, 
whose  formation  is  attended  with  the  emission  of  a  red  light  (Crefalen.) 

6.  At  the  blue-colour  works  at  Modum,  the  two  following  allojs  are 
formed :  «.  Obliquely  truncated  rhombic  needles,  united  in  tufls. 
/9.  Large  tables  having  the  metallic  lustre.  (Th.  Scheerer  &  Francis^ 
Fo^g.  50,  513.)  The  composition  of  both  these  allojs  is  nearly 
5(Fe;  Co;  Cu)As. 


Scheerer  & 

At 

F^rtDcii. 

Fc 

»•  ••••                 V 

•  ••a 

135*0 

•••. 

10*21 

••■• 

1005 

Co 

25 

•••• 

737-5 

•••• 

55-76 

53-71 

Cu 

0-86 

As 

•«  •••       o 

•  ••• 

4500 

•••• 

34-03 

•••• 

36*02 

S  

»••• 

*••• 

■  ••• 

016 

At. 

1322*5 

.•■• 

1000 

•••• 

100-80 

Scheerer  & 
Frande. 

Fe 

10 

•  ••• 

270 
354 

24-66 
32-32 

•  ••• 
•••• 

23*15 

Co 

12 

31*35 

Cu 

3 

•  ••• 

96 

... 

8-77 

•••• 

8-90 

As 

5 

•••. 

375 

.»•« 

34-25 

•••• 

35-20 

8  

••»• 

.«• 

•  ■•• 

0-50 

1095        ....      10000        ....        99-10 

€.  Tin-whUe  CobaUy  CobaUine,  Smcdtine,  Speiskobold, — ^Belongs  to  the 
regular  system.  Fig,  1,  2,  3,  4,  and  5.  Sp.  gr.  6'5;  harder  than  apatite. 
Colour  tm-white,  inclining  to  steel-grey;  powder  greyish-black.  When 
heated  to  reduess  in  a  retort,  it  yields  a  suolimate  of  arsenic,  and  a  non- 
magnetic compound  containing  less  arsenic  Heated  upon  charcoal,  it 
gives  off  a  copious  arsenical  fume,  and  fusee  into  a  white,  brittle,  metallio 
globule,  which,  after  being  roasted,  imparts  a  blue  colour  to  glass.  (Ber- 
zelius.)    Hot  nitric  acid  dissolves  it,  with  separation  of  arsenious  acid. 

At. 

Fe    2 

Co   11 

Ni    

Cu    

As    13 

I*: 

O  ••••••• •••••••*•••  ••••  ,,,,  ,,,,     %i  oo 

1353*5    Z,      100*00    Z    98-98 

At. 

Fe  7  ....    189*0 

Co  8  ....    2360 

Ni  1  ....     29-5 

Cu  

As  ...^ 16  ....    1200*0 

Bi •  •••■ 

1654*5    Z.       100*00    Z        99  88 


Cobaltine. 

Stromeyer. 
«. 

3-42 
20*31 

54*0 
324-5 

••>• 
•••. 

3-99 
23-96 

975-0 

..M 
.... 
.•a. 

72*03 

0-16 
74-21 

Hofiiuuin. 

b. 

11-42 

•■■. 

11-71 

14-26 

...• 

13-95 

1-79 

*..« 

1*79 

.... 

1-39 

72-53 

.... 

70-37 

.•■* 

0-01 
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Turentrapp. 
_  At.  c. 

Pe    2        ....  54-0        ....  4-72        ....  4-95 

Co    9        ....  265-5        ....        23-20         ....        2344 

A«    11         ....  825-0        ....         72-08        ....        69*46 

• •••  ••••  ...•  ....  0*90 

1144-5        ....       10000        ....        98*75 

a.  is  crystallized  cobaltine,  from  Riechelsdorf ;  —  5.  massive  cO" 
baltine,  from  Schneeberg; — c.  massive  cobaltine,  from  Tunaberg :  sp.  gr. 
7*131  nj.  According  to  the  preceding  analyses,  the  general  formula 
of  cobaltme  is :  (Co;  Fe;  Ni)As. 

T  A  variety  of  cobaltine,  from  Riechelsdorf,  remarkable  for  the 
large  proportion  of  nickel  which  it  contains,  has  been  examined  by 
Sartorius  (Ann.  Pharm.  QQj  278)  :  its  composition  in  100  parts  is : 
917Co  +  14-06Ni  +  l-42Fe+73-53As=9818.  T 

d.  TessercU  Pyrites,  from  Skiittemd.— Co'As'. — Cubes  and  octohedrons 
with  the  faces  of  the  cube,  dodecahedron,  and  leucitohedron;  sp.gr.  6*78. 
Tin-white.  When  roasted  in  an  open  glass  tube,  it  yields  a  copious 
sublimate  of  metallio  arsenic  and  arsenious  acid.  (Th.  Scheerer,  Fogg. 
42,  553;  Wbhler,  43,  592.) 

Te99€ral  Ppritei.  Scheeier.  Wohler. 

CrytidUized,  Mauive. 

F6    „.,  ....  1*51      ....        1-3     ....       1-4 

2Co 59        ....        20-77        ....        2001      ....      18*5    ....     19-5 

3As 225        ....        79-23        ....        77-84      ....      792    ....     79-0 

M    ••••.....•••■...........  ....  ....  w   Vtf  .... 


.... 


.284        ....      100-00        ....      100*05      ....      99*0    ....    99*9 

B.  Arsenite  of  Cobalt-oxxdb,  or  Cobalt- absenitb. -— The  inner 
portion  of  Cobalt-bloom  sometimes,  though  rarely,  consists  of  this  mineral. 
(Proust.)  The  arsenite  formed  by  mixing  a  dissolved  cobalt-salt  with 
arsenite  of  potash  has  the  form  of  a  rose-coloured  precipitate,  which 
becomes  dark-coloured  and  homy  when  dry.  When  heated  in  a  glass 
vessel  it  gives  off  arsenious  acid  and  colours  the  glass  blue;  heated 
potash  resolves  it  into  cobalt-oxide  and  a  blue  liquid,  which  deposits  the 
oxide  on  the  addition  of  water.  Dissolves  in  nitric  acid,  with  evolution 
of  nitrous  gas;  also  in  hydrochloric  acid,  and  in  ammonia,  in  the  latter  of 
which  it  forms  a  dark  red  solution.  (Proust.) 

C.  Abseniatb  of  Cobalt-oxide,  or  Cobalt- abseniate. — a.  Terhanc* 
—-Occurs  in  the  form  of  CobaJU-bloom,  which,  according  to  Kersten,  is 
produced  only  by  the  weathering  of  cobaltine,  not  of  cobalt-glance. 
Long,  needle-shaped,  rhombic  prisms.  Sp.  gr.  2*84  to  3-0;  less  hard  than 
gypsum ;  varies  from  translucent  to  transparent ;  carmine,  columbine, 
or  peachblossom-coloured;  yields  a  powder  having  the  same  colour. 
When  exposed  to  the  light,  it  sustains  a  slight  loss  of  weight,  pro- 
bably from  evolution  of  water,  and  becomes  paler  and  opaque  on  the 
surface.  When  heated  in  a  glass  tube,  it  parts  with  its  water,  but  does 
not  give  off  arsenious  acid ;  the  last  portions  of  water,  however,  are  only 
driven  off  by  continued  strong  ignition.  The  residue  is  of  a  smalt-blue 
colour,  if  free  from  iron,  but  an  admixture  of  ferrous  arseniate  renders  it 
green  or  brown.  Green  cobalt-bloom  is  anhydrous  arseniate  of  cobalt- 
oxide  containing  iron.  (Kersten,  Pogg,  60,  251.)    Cobalt*bloom,  heated 
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on  ofaamoftl  before  the  blowpipe,  emits  fames  of  arsenio,  and  fuses  in  the 
inner  flame  into  a  green  bead  of  arsenide  of  cobalt;  it  colours  borax  bine. 
When  treated  with  hot  potash-solution,  cobalt-bloom  yields  a  deposit  of 
black  protoxide,  and  a  blue  liquid,  from  which,  on  dilution  with  water, 
the  dissolyed  cobalt  is  again  separated.  (Proust,  Kersteo.)  Cobalt-bloom 
is  insoluble  in  water,  but  dissolres  with  focilitj  in  hydrochloric  or  nitric 
acid,  forming  a  red  solution;  its  solution  in  nitric  acid  is  not  attended  with 
separation  of  arsenious  acid,  or  with  oTolution  of  nitrie  oxide  on  the  appli- 
cation of  beat.  (Proust.^  In  ammonia  it  forms  a  deep  red  solution.  It 
dissolres  in  a  weak  solution  of  green  vitriol;  and  on  evaporating  the 
liquid,  white  crystalline  ferrous  arseniate  separates  out,  while  cooalt- 
sulphate  remains  in  solution.  (Kersten.)  The  salt  may  be  obtained 
artificially,  by  precipitating  a  cobaJi-salt  with  arseniate  of  soda :  it  then 
forms  a  peaohblossom-coloured  precipitate,  which  dries  up  to  a  dark, 
homy  mass. 

Cobalt'bloom.  Kentea. 

At.  «. 

CoO 3  ....  112'ft        ...,  S7'67        ....  36-M 

PeO ....  ....                         ....  I -01 

NiO ....  ....                         ....  trace 

AaO*    1  ....  115-0         ....  38-39         ....  38-43 

HO 8  ....  720        ....  24-04        ....  g4'l0 

299-5        ....       10000        ....       100-06 

"^  Kfinten. 

At.  b. 

CoO 8  ....        300  ....        33-48        ....        33-42 

FcO 1  ....  35  ....  3-91         ....  4-01 

JNlv/ ....................  ....  ....  .... 

AbO»    3         ....         345  ....        38-50        ....        38-30 

HO 24         ....         216  ....        24-11         ....        24*09 

896  ....       100-00        Z        99-82 

Kersten. 
At.  '   c. 

CaO ,.       5        ....        84-0        ....  7'18        ....  tOO 

CoO 9         ....       337-5         ....         28-86        ....        29-19 

AsO*    4         ....      460-0        ....        39-33        ....        3810 

HO 32        ....       2880        ....         24-63        ....        2390 

1169*5        Z.      100-00        Z,        9919 

a.  is  from  the  Wolfgang-Maassen  mine,  near  Schneeberg; — h.  from  the 
Rappold  mine,  near  Bchneeberg;-— <;.  from  the  Dani^  mine,  near  Schnee- 
berg. This  peculiar  T&riety  e,  in  which  part  of  the  cobalt  is  replaced  by 
lime,  occurs  m  small,  pearly,  light  rose-coloured,  spherical  masses,  made 
up  of  needle-shaped,  diverging  crystals;  it  yields  a  white  powder.  When 
heated,  it  becomes  violet  out  does  not  evolve  arsenious  acid,  a,  b,  and 
c  were  dried  at  100°  before  analysis.  The  formula  :  dCoO,AsO*-|-8Aq. 
corresponds  to  that  of  Vivianite  (p.  224).  Karsten. 

Cobalt-coating y  Kobaltbescklag. — Botryoidal;  kidney-shaped  or  massive; 
scaly  or  earthy;  opaque,  and  varying  id  colour  from  peachblossom- 
red  to  pale  rose-colour.  Produced  by  the  weathering  of  cobaltine,  on 
which  it  immediately  rests.  May  be  regarded  as  a  mixture  of  cobalt- 
bloom  and  arseuious  acid,  often  with  a  small  quantity  of  cobaltniulphate 
superadded.  When  gently  heated,  it  first  gives  on  water,  then  a  large 
quantity  of  arsenious  acid,  but  no  metallic  arsemo,  and  a  violet  (dirty 
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bA>irn,  if  iion  if  prMent)  raridne,  wKiehdiMolyefl  in  titAemAif  bnt  (nnleii 
ijon  is  present)  widioat  eroluiion  of  nitrie  oxide.  The  solution  contflinf 
arsenic  acid,  eobaltrozidei  and  ferric  oxide,  bnt  no  arsenions  acid.  Hot 
water  extracts  tlie  arsenious  acid  from  this  mineral,  together  with  any 
oobalt-snlphate  that  may  be  present.  The  x«sidoe  formed  when  the 
arsenioQs  acid  is  extracted  from  cobalt-coating  bj  the  water  of  the  mines, 
consists  of  cobalt-bloom.  (Kersten,  Fogg.  60,  251.) 

Kenten. 
a,  h.  e.  d. 

CoO 16-60  ....  18-30 

FeO 2-10 

AsO*    1910  ....  20-00 

HO 11-90  ....  121S        ....        12-4  ....        12'6 

AbO»    61-00  ....  48-10        ....        53-2  ....        50-1 

CaO ....  trace 

NiO trace  ....  trace 

SO* trace  ....  trace 


....  .... 

....  ....  .... 


.... 


99-70        ....        98-53 

a.  is  Cobalir-eoating,  from  the  Wolfgang-Maassen  mine  at  Schneeberg; — 
h.  from  the  RoUing  mine  at  Annaberg;— c.  and  d,  from  the  Daniel  mine 
at  Schneeberg. 

A  basic  arseniate  of  cobalt-oxide  is  fonnd  in  commerce  :  1.  Preuuped 
in  the  humid  way;  Chavx  mitallique.  Carbonate  of  potash  is  added  to  a 
solution  of  cobalt-glance  in  nitric  acid  or  aqua-regia,  as  long  as  a  white 
precipitate  of  ferric  arseniate  continues  to  form,  and  the  filtrate  further 
treated  with  carbonate  of  potash,  to  precipitate  the  arseniate  of  cobalt- 
oxide. — 2.  Cobalt-glance  is  fused  with  twice  its  weight  of  potash;  the 
fused  mass  exhausted  with  water,  which  takes  up  sulphide  of  potassium, 
together  with  arsenic,  iron,  and  potassium;  the  white  regulus  again  fused 
with  potash;  the  resulting  blue  slag  used  for  the  preparation  of  smalt 
(p.  346);  and  the  arsenide  of  cobalt,  which  is  thus  obtaiued  free  from 
iron,  is  pulverized,  and  then  roasted,  first  at  a  gentle  heat,  and  afterwards 
at  an  intense  heat,  till  it  is  conyerted  into  a  reddish  powder. 

h  Add  Salt, — The  solution  of  the  hydrate  or  terbasic  arseniate  of 
cobalt-oxide  in  excess  of  arsenic  acid,  yields,  by  eyap<»ation  in  vacuo, 
peachblossom-coloured  needles,  arranged  in  stellate  masses,  and  united  in 
spherules,  resembling  cobalt-bloom  but  soluble  in  water.  If  pieces  of 
calcspar  are  suspended  in  the  solution  by  a  wire,  small  carmine-coloured 
needles,  principally  consisting  of  arseniate  of  lime,  attach  themselves  to 
the  calcspar.  (Kersten,  Pogg,  60^  266.) 

D.  BuLPttAiwEiciTE  or  CoBAtT. — 2CoS,A8S'.  — Dark  brown  piiecipi- 
tate,  which  gradually  but  completely  settles  down  from  the  liquid, 
becomes  black  when  dry,  and  dissolves  in  excess  of  the  sodium  compound. 
By  distillation  it  3rields  orpiment,  and  leaves  a  grey,  metallic,  nnfused 
mass,  still  containing  sulphur  and  arsenic,  and  probably  analogous  to 
cobalt-glance.  (Berzeiius.) 

E.  SiTU»HARSEKiATB  OF  CoBALT. — 2CoS,  AsB*. — Dark  brown  pre- 
cipitate, black  after  drying,  soluble  in  excess  of  the  sodinm-compoond 
used  as  a  precipitant,  and  forming  a  dark  brown  solution.  (Berzeiius.) 

F.  Sulphide  of  Cobalt  with  Arsenide  of  Cobalt.  •— Ca5a/^ 
^^ncs.— -Bdiongs  to  the  regular  system,  Fig$,  1^  2,  5,  18,  19.    Cleavage 
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parallel  to  the  eabe-faoes.  Harder  than  apatite.  Sp.  sr.  6*2  to  6-3. 
Reddish  silver-whitey  yielding  a  grejish-black  powder. — ^Not  altered  by 
heating  oat  of  contact  of  air;  when  strongly  ienited  in  an  open  tube,  it 
fives  off  arsenions  and  snlphnroas  acid,  and,  according  to  Scheerer, 
leayes  a  dingy  violet  powder.  When  heated  on  charcoal  before  the 
blowpipe  it  emits  a  strong  arsenical  fame,  and,  after  roasting  for  some 
time,  may  be  fused  to  a  greyish- white,  brittle  mass  of  arsenide  of  cobalt. 
After  roasting  it  colours  borax  blue.  (Berzelius.)  Cobalt-glance  heated 
to  whiteness  in  a  charcoal  crucible,  is  first  converted,  with  a  loss  of  32*2 
per  cent,  of  AsS'  (realgar),  into  Co'As,  2CoS: 

2(CoA8,CoS»)= AsS»  +  Co^AsS*  ; 

afterwards,  by  the  continued  application  of  a  very  intense  heat,  snlphar 
is  evolved  [in  the  form  of  bisulphide  of  carbon  f  ],  and  a  residue  of  Co* As 
left  behind,  which,  however,  generally  retains  5  or  6  per  cent,  of  sulphur. 
100  parts  of  cobalt-glance  ignited  at  a  moderate  heat  with  500  parts  of 
lead  yield:  a.  398  parts  of  lead  (containing  97  per  cent,  of  lead  together 
with  sulphur,  arsenic,  cobalt,  iron,  and  copper);  and  6.  64*5  of  arsenide  of 
cobalt  (containing  41 '46  p.  c.  cobalt,  34*38  arsenic,  1*24  sulphur,  and 
small  quantities  of  iron,  copper,  and  quartz).  (Berthier,  Ann.  Ckim,  Phyt^ 
62,  116;  also  J.  pr,  Chem.  10,  15.)  Cobalt-glance  dissolves  in  nitric  acid 
with  evolution  of  heat  and  separation  of  arsenions  acid. 

At.  Cobalt -glance.  Stromejer.        * 

Skatternd. 
Co 2        ....        59        ....        35-54  «..  33*10 

"6>.»».> >••.  ....  «...  .••. 

As 1         ....         75        ....         45*18  ....  43-47 

8  2        ....        32        ....         19-28  ....  20*08 

166        Z      10000  Z  96-65 

Hubert.        Patenu     Ebbingliaiu.  Schnabel. 

a.  b,  c,  dm  €m  yi 

Co 30*37    ....    32-02     ....     32-07     ....    33*71     ....     2977     ....       867 

Fe 5*75     ....      4-56     ....       342     ....       1-62     ....       6*38     ....     2598 

DO  ••■••■•••••«  ••■«  ■•••  ••••  ••••  •••«         M   O^ 

Ai 44*13     ....     43-63     ....     42*97     ....     45  31     ....     44*75     ....     4253 

S   19*75     ....     19*79     ....     20-25     ....     1935     ....     19*10     ....     19  98 

10000     ....  100-00     ....  100-34     ....     9999     ....  10000     ....  100*00 

IT  a.  Massive  cobalt-glance  from  Orawitcza  in  Upper  Hungary. — b.  A 
fibrous  variety  from  the  same  locality.  These  two  varieties  contain  veins 
of  gold  and  native  bismuth;  the  bismuth  amounting  to  18  per  cent,  may 
be  removed  by  the  saw. — c.  Cobalt-glance  from  Skiitternd.— c£.  From  the 
Morgenrbthe  mine  at  Siegen,  previously  regarded  as  massive  SckeidkobaU, 
— tf.  Cobalt-glance  in  microscopic  but  distinct  crystals,  from  the  PhUipps- 
hoffnung  mine  at  Siegen.—/.  An  ore  from  the  Green  Lion  mine  at  Siegen, 
formerly  denominated  Fibroiu  Earthy  Cobalt.  (Jahre^r,  L.  d:  K.  1847-8, 
1155;  1849,720.) 

Many  kinds  of  arsenical  pyrites  also  contain  cobalt.  A  variety  from 
Huaseo  in  Chili,  previously  denominated  Glaticodote  by  Breithanpt^  has 
been  found  by  Plattner  to  contain,  in  100  parts, 

S.  As.  Co.  Ni.  Fe.  SiO>. 

20*210    ....    43*200    ....    24-774    ....    trace    ....     11*900    ....    trace. 
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The  mineral  has  therefore  the  oompoeition  of  cobalt-glancei  vhich  it 
farther  resembles  in  giving  only  a  trace  of  arsenic  when  heated  in  a  glass 
tube  dosed  at  one  end.  Ita  formula  is  (Co^  Fe)As  +  (Coy  Fe)S'. 
(Jakregber,  L.  ^  K.  1849,  729.)  IT 


Cobalt  and  Antimony. 

A.  Antimonide  of  Cobalt. — 1  part  of  cobalt-powder  and  2  parts  of 
pulverized  antimony  heated  together,  unite  with  incandescence,  and  form 
an  aggregated  iron-grey  mass,  which  acquires  metallic  lustre  by  pressure. 
(Qehlen.) 

B.  Antimonitb  of  Cobalt-oxide. — In  the  hydrated  state,  this 
compound  forms  a  pale  violet,  bulky,  non-crystalline  powder;  when 
ignited,  it  gives  off  water  and  becomes  blackish-green;  at  a  higher  tem- 
perature, it  emits  a  glimmering  light  and  afterwards  appears  white. 
Slightly  soluble  in  water.  (Berzelius.) 

C.  Antimoniate  of  Cobalt-oxide.  —  Formed  by  mixing  an 
aqueous  cobalt-salt  with  aqueous  antimoniate  of  potash  at  a  boiling  heat. 
Crystalline  powder,  exhibiting  a  fine  rose-colour,  becoming  violet-blue 
when  heated,  and  blackish-grey  when  the  water  is  completely  removed. 
Glows  vividly  when  ignited  and  appears  reddish-white  when  cold. 
Slightly  soluble  in  water. 


D.  Sulphantimoniate  of  Cobalt. — 3  CoS,  SbS^ — By  precipitating 
a  cobalt-salt,  which  should  be  in  excess,  with  Schlippe*s  salt,  a  black 
precipitate  is  obtained,  which  gradually  oxidizes  in  the  air  and  is  decom* 
posed  by  heated  hydrochloric  acid.  (Rammelsberg,  Poffff.  52,  236.) 


Cobalt  and  Tellurium. 

A.  Tblluritb  of  Cobalt-oxide. — ^Dark  purple  precipitate.  (Ber* 
zelius.) 

B.  Tellurate  op  Cobalt-oxidb.— Bulky,  bluish-purple  flakes. 
(Berzelius.) 

C.  Sulphotellubite  of  Cobalt.— Black  precipitate.  (Berzelius.) 

Cobalt  and  Zinc. 

A.  Allot  of  Zino  and  Cobalt.— ^1  part  of  cobalt  powder  and  2 
parts  of  zinc,  heated  together,  emit  a  red  light,  and  yield  a  grey,  spongy 
compound,  which  acquires  the  metallic  lustre  by  pressure.  (Gehlen.) 

B.  Cobalt-oxide  with  Zinc-oxide. — Rinmans  (Treen.-^ormed  by 
precipitating  a  mixture  of  zinc-sulphate  and  cobalt-sulphate  with  carbonate 
of  soda,  and  igniting  the  precipitate  after  thoroughly  washing  it. — 2.  By 
evaporating  d  solution  of  cobalt-nitrate  to  dryness  with  zinc-oxide  or 
zinc-nitrate,  and  igniting  the  residue.— Permanent  green  colour. 

VOL.  V.  2  a 
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C.  SuLPSATB  OP  CoBALT-oxn>B  AND  ZiifC-oxmB.-^LaTse9  red,  four- 
sided  prisms,  which  disintegrate  in  the  air  and  yield  a  white  powder. 
(Link;  CreU.  Ann.  1790, 1,  32.) 

Cobalt  and  Tin. 

A.  Alloy. — Light  yiolet-coloored,  somewhat  ductile. 

B.  Stannatb  of  Gobalt-oxidb. — B j  mixing  stannate  of  potash  with 
a  dissohred  cohalt-salt.  Bluish  precipitate,  which  becomes  reddish  by 
washina;  dark  brown  and  conohoidal  in  the  fracture  by  drying;  flesh- 
coloured  by  pulverization ;  black  by  ignition;  and  light  blue  by  exposore 
to  a  white  heat.  (Berzelius.) 

Cobalt  and  Iron. 
ALLor. — Very  hard  and  difficult  to  break. 

Othxb  Compounds  of  Cobalt. 
With  Nickel,  Copper,  Mcftcury,  and  Gold. 
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Cronstedt,  Jbhandl.  der  Schwed.  Akad.  der  Wissemch.  1751,  293,  and 

1794,  38. 
Bergman,  de  Niocolo,  Opuac.  3,  231;  3,  459;  4,  374. 
Richter,  A.  GM.  2,  61;  3,  244  and  444;  51,  699. 
Bttcholz,  A.  Geld,  2,  282;  3,  201, 
Th6nard,  Ann,  Chim,  50,  117;  also  A.  OM,  4,  281. 
Proust,  J.  Fhya,  57,  169;  63,  442;  also  A.  GM.  2,  53;  N.  GM.  3,  435. 
Tupputi,  Ann,  Chim,  78,  133;  79,  153. 
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ffistory. — Oronstedt  in  1751  disooyered  niekel  m  a  pecnliar  metal  in 
the  mineral  called  Copper-nickel  {Kttp/ernickel),  Its  onemical  relations 
baye  been  chiefly  inyestigated  by  Bergman^  Richter^  Proust^  and 
Tnpputi. 

Source*.— -As  arseniate  of  niokel-oxide,  in  Nickel-ocbre;  as  sulphide 
of  nickel^  in  Capillary  Pyrites;  as  sulpharsenide  of  nickel,  in  Nickel- 
glance;  as  sulphantimonide,  in  Antimonial  Nickel;  as  sulphide  of  bismuth 
and  nickel,  in  Nickel-bismuth-glance;  as  sulphide  of  nicKel  and  iron,  in 
Mickeliferons  Iron  Pyrites;  as  arsenide  of  nickel,  in  Placodine,  Copper- 
nickel  and  Arsenical  Nickel;  with  antimony,  as  antimonide  of  nickel; 
with  iron,  in  meteoric  iron.  In  small  quantity,  in  Needle-ore;  in  many 
specimens  of  Magnetic  Pyrites  and  Tin-white  Cobalt;  in  Cupreous  Man- 
ganese; as  green  colouring  principle  in  green  Chrysoprase  earthy  in 
Chrysoprase,  and  as  a  mere  trace  in  many  kinds  of  Olivine. 

Preparation, — Principally  from  copper-nickel  and  from  CchaU-tpein. 
Cobalt-speiss  is  a  deposit  formed  in  the  pots  in  which  roasted  tin-white 
cobalt  mixed  with  copper-nickel  is  fused  with  carbonate  of  potash  and 
pounded  quartz,  for  the  preparation  of  smalt  in  the  blue-colour  works;  it 
collects  below  the  blue  glass  in  the  form  of  a  metallic  alloy,  the  nickel 
not  oxidizing  so  easily  in  roasting  as  the  cobalt.  It  contains,  besides 
nickel,  principally  iron,  cobalt,  manganese,  bismuth,  antimony,  arsenic, 
and  sulphur.  The  following  are  some  analyses  of  cobalt-speiss:  a.  of 
unknown  origin;  6,  from  the  Bohemian  Harz  {J.  pr.  Chem.  9,  12); 
c,  from  Henninger's  German-silver  works;  this  sample  had  been  pre- 
viously purified;  its  structure  was  coarsely  laminar.  {Fo^g*  50,  519.) 


Pe 

a.  Berthier. 

6.  Anthon. 

11 

1-3 
36-2 

1-5 
21-5 

29*9 
6-9 

e,  Frandg. 
10*06 

Co   ' 

3'2 

3-28 

Ni    

49-0 

52-58 

Cu   

1-6 

Bi 

Sb    

trace 

Ab    

37-8 

34-07 

s      

7-8 

1-01 

Saod 

0-6 

1000        ....        98-4        ....       101-00 


The  copper-nickel  or  the  cobalt-speiss  is  generally  roaated  m  a  state  of 
powder  (at  a  gentle  heat  at  first,  to  prevent  it  from  baking  together), 
whereby  the  greater  part  of  the  arsenic  is  removed,  the  nickel  6xidated, 
and  a  saving  of  nitric  acid  thus  effected.  Since,  however,  the  roasting 
process  leaves  a  portion  of  the  arsenic  combined  in  the  form  of  arsemc 
acid  with  the  oxide  of  nickel,  the  roasted  ore  must  be  several  times 
intimately  mixed  with  charcoal  dust  and  again  roasted,  as  long  as  vapours 
of  arsenic  continue  to  be  evolved.  Erdmann  moistens  the  roasted  cobalt^ 
speiss  with  water  and  places  it  in  a  cellar  till  it  is  converted  into  hydrate; 
it  is  thereby  rendered  more  easily  soluble.  , 

1.  Laugier  dissolves  the  roasted  copper-nickel  or  the  speiss  »»  P^'^™ 
acid,  passes  sulphuretted  hydrogen  through  the  dilute  acid  wlution  till  aU 
the  arsenic,  copper,  bismuth,  and  antimony  are  precipitated— then  ttltew 
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— ^precipitates  all  the  iron,  cobalt,  and  nickel  with  carbcnate  of  sodfr— 
washes  the  precipitate  thoroaghly,  and  treats  it  first  with  oxalic  acid  and 
then  with  ammonia^  as  described  on  page  319,  repeating  the  solution  of  the 
nickel-oxalate  in  aqueous  ammonia^  till  the  liquid  which  stands  above  the 
resulting  precipitate  no  longer  exhibits  a  rose-coloor,  and  is  almost 
wholly  free  from  cobalt. 

2.  Berthier  dissolves  roasted  cobalt-speiss  or  roasted  copper-nickel — 
together  with  the  quantity  of  iron  found  by  previous  experiments  to  be 
necessary  for  the  separation  of  the  arsenic  acid — ^in  boiling  aqua-regia 
containing  excess  of  nitric  acid;  evaporates  the  solution  to  dryness; 
treats  the  residue  with  water,  which  leaves  a  large  quantity  of  ferric 
arseniate  undissolved;  and  adds  carbonate  of  soda  to  the  filtrate,  stirring 
all  the  while,  till  the  precipitate  begins  to  exhibit  a  green  tint:  the  whole 
of  the  ferric  arseniate  is  thereby  thrown  down,  together  with  part  of  the 
cupric  oxide.  If  the  precipitate,  which  is  white  at  first,  does  not  ulti- 
mately turn  brown,  it  is  a  sign  that  the  quantity  of  ferric  oxide  present  is 
not  sufficient  to  carry  down  the  arsenic  acid  with  it;  consequently,  more 
sesquichloride  of  iron  must  be  added,  and  the  ferric  oxide  again  cautiously 
precipitated  by  carbonate  of  soda.  The  filtrate  is  next  treated  with 
sulphuretted  hydrogen  to  precipitate  the  rest  of  the  copper;  the  liquid, 
filtered  from  the  sulphide  of  copper,  completely  precipitated  at  a  boiling 
beat  by  carbonate  of  soda;  the  precipitate,  consisting  of  the  carbonates  of 
nickel  and  cobalt,  thoroughly  washed  and  diffused  in  water;  chlorine  gas 
passed  through  the  liquid  as  lonff  as  it  is  absorbed;  the  solution  exposed 
to  the  air  to  allow  the  excess  of  chlorine  to  evaporate,  and  then  filtered. 
The  filtrate  contains  chloride  of  nickel  free  from  cobalt;  it  may  be  preci- 
pitated by  an  alkali.  The  whole  of  the  cobalt  remains  on  the  filter  in  the 
form  of  protoxide,  together  with  a  portion  of  the  nickel  in  the  form  of 
peroxide.  If  the  cobalt  were  in  excess,  the  residue  on  the  filter  would 
certainly  consist  wholly  of  cobalt>oxide;  but  in  that  case,  chloride  of 
cobalt  would  likewise  be  found  in  the  filtrate. — Berthier's  older  method 
differs  from  the  preceding  in  the  following  particulars:  No  iron  is  added 
to  the  ore  of  nickel  which  is  to  be  dissolved,  but  the  solution  obtained  by 
evaporating  to  dryness  and  digesting  the  residue  in  water,  is  first  mixed 
with  carbonate  of  soda  till  the  precipitate  (of  ferric  arseniate)  which  is 
white  at  first,  begins  to  show  colour — ^then  filtered — ^mixed  with  a  quan- 
tity of  ferric  chloride  sufficient  to  separate  the  arsenic  acid — and  again 
cautiously  treated  with  carbonate  of  soda,  which  first  throws  down  ferric 
arseniate  together  with  oxide  of  copper,  and  afterwards  hydrated  ferric 
oxide.  The  liquid  is  then  filtered,  and  the  rest  of  the  iron  precipitated, 
together  with  the  nickel  and  cobalt,  in  order  that  the  precipitate  may  be 
treated  by  Laugier's  method,  with  oxalic  acid  and  ammonia;  or  the  iron 
and  cobalt  are  nrst  thrown  down  by  the  cautious  addition  of  carbonate  of 
soda — then  a  mixture  of  cobalt  and  nickel — then,  after  filtration,  pure 
nickel.  If  manganese  is  present,  the  last  precipitation  must  be  made  in 
the  cold,  otherwise  the  manganese  will  not  be  retained  in  solution. 

Tuppnti  dissolves  the  pounded  speiss  in  2^  parts  of  nitric  acid  and  aa 
equal  quantity  of  water,  whereupon  the  sulphur  separates  out;  evaporates 
the  solution  till  the  greater  part  of  the  arsenious  acid  is  precipitated;  filters; 
and  mixes  it  while  yet  warm  with  carbonate  of  soda  or  potash,  stirring 
all  the  while,  till  the  precipitate — which  is  at  first  yellowish-white,  con- 
sisting of  ferric  arseniate,  and  afterwards  rose-coloured,  consisting  of 
cobalt-arseniate,  together  with  small  quantities  of  cupric  and  manganona 
arseniates — begins  to  turn  green.     The  solution  is  then  filtered,  mixed 
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with  a  small  quantity  of  aoid  and  a  yerj  large  quantity  of  water,  and  the 
arsenic  precipitated  by  sulphuretted  hydrogen,  the  passage  of  the  gas 
being  continued  till  the  liquid  saturated  with  it  retains  its  odour  arter 
being  kept  in  a  stoppered  vessel  for  24  hours;  it  is  then  again  filtered, 
boiled,  and  the  nickel  precipitated  in  the  form  of  carbonate  by  means 
of  a  carbonated  alkali.  According  to  Laugier,  the  niokel-arseniate  goes 
down  together  with  the  cobalt-arseniate,  and  the  nickel  precipitate 
obtained  at  the  end  of  the  process  is  still  mixed  with  cobalt  and  iron. 
The  solution  of  the  speiss  in  nitric  acid  may  likewise  be  diluted  with 
water,  precipitated  by  sulphuretted  hydrogen,  and  boiled — the  filtrate 
[after  further  boiling  to  bring  the  iron  to  a  higher  state  of  oxidation! 
mixed  with  a  quantity  of  potash  sufiicient  to  precipitate  a  small  portion  of 
the  nickel,  together  with  the  whole  of  the  iron,  so  that  the  precipitate 
appears  brown  after  boiling  for  some  time,  but  has  green  flakes  mixed 
with  it; — then  heated  with  such  a  quantity  of  potash  that  the  liquid 
merely  retains  a  pale  green  colour — ^and  anerwards  boiled  for  half-an- 
hour.  Since  cobalt- oxide  has  a  stronger  affinity  for  nitric  acid  thant 
nickel- oxide,  the  former  is  wholly  taken  up  by  the  liquid,  and  the  nickel- 
oxide  is  completely  or  almost  completely  precipitated.  (Anthon,  Report. 
59,  44.)  This  method  is  uncertain;  if  too  much  potash  is  added,  or  if 
too  much  cobalt  is  present,  the  cobalt  is  not  completely  dissolved  on 
boiling;  besides  it  becomes  more  highly  oxidized  on  exposure  to  the  air, 
and  then  no  longer  exerts  a  precipitating  action  on  the  oxide  of  nickel 
which  remains  in  solution.  (Berzelius,  JoJiresber.  18,  152.) 

4.  The  roasted  speiss  is  mixed  with  a  quantity  of  nitric  acid  not 
sufficient  to  dissolve  it — ^the  liquid  diluted  with  water,  after  the  action 
has  gone  on  for  a  sufficient  length  of  time,  either  in  the  cold  or  with  the 
aid  of  heat — ^then  decanted  from  the  precipitated  basic  bismuth-salt,  and 
heated  to  the  boiling  point  (on  the  larffe  scale,  it  is  boiled  in  a  copper 
vessel).  Milk  of  lime  is  then  added  m  small  portions,  till  a  filtered 
sample  exhibits,  no  longer  a  pale  green,  but  a  bluish-green  colour,  and 
gives  with  potash  a  precipitate,  which,  when  heated  on  charcoal  before 
the  blowpipe,  yields  an  infusible  mass  of  spongy  nickel.  As  long  as  the 
reduced  nickel  continues  fusible,  arsenic  is  present,  and  further  addition 
of  lime  is  necessary;  it  is  best  to  add  the  lime  in  slight  excess,  in  order 
to  insure  the  complete  separation  of  the  arsenic. — The  liquid  is  then 
filtered,  and  the  nickel  precipitated  by  milk  of  lime  free  from  iron» 
(Erdmann.) 

5.  Proust  heats  roasted  copper-nickel  with  dilute  sulphuric  acid,  and 
adds  carbonate  of  potash  to  the  filtered  solution,  to  precipitate  arseniate 
of  ferric  oxide,  till  iron  can  no  longer  be  detected  in  the  liquid  by  ferro* 
cyanide  of  potassium.  The  liquid  is  then  filtered  again,  and  sulphuretted 
hydrogen  passed  through  it,  to  precipitate  arsenic,  copper,  and  bismuth, 
till  it  is  so  far  saturated  as  to  retain  the  odour  of  the  gas  after  being  kept 
for  24  hours  in  a  closed  vessel.  The  liquid,  once  more  filtered  and  then 
evaporated,  yields  crystals  chiefly  consisting  of  sulphate  of  nickel-oxide 
and  potash,  while  the  cobalt-salt,  for  the  most  part,  remains  in  solution; 
the  former  is  repeatedly  dissolved  and  recrystallized  to  free  it  from 
adhering  cobalt-salt,  and  its  solution  afterwards  treated  with  carbonate  of 
potash,  which  precipitates  the  nickel  in  the  form  of  carbonate. — Thomson; 
(Ann.  PkU,  14,  144)  digests  pounded  speiss  with  dilute  sulphuric  acid, 
frequently  adding  nitric  acid  as  long  as  the  latter  exhibits  any  action; 
he  then  decants  the  green  solution  irom  the  arsenious  acid,  then  eva- 
porates  and  cools  it,  whereupon  nearly  pure  nickel-sulphate  separates 
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oni.  Tbe  moiher-liqiiidy  no  longer  caoable  of  yielding  ciystelsy  is  &eed 
from  anenioiu  acid  by  sulphuretted  hydrogen,  and  when  snbeeqnemtly 
evaporated,  again  depofits  oryatab  of  nickel-sulphate.  The  whole  of  the 
ciyatals  are  then  purified  by  repeated  solution  and  crystallisation,  and 
the  salt  afterwards  decomposed  by  carbonate  of  potash. 

6.  The  roasted  speiss  is  made  up  into  a  paste  with  oil  of  ritriol,  and 
exposed  to  a  heat,  gentle  at  first,  but  gradually  rising  to  redness,  in  order 
to  decompose  the  remaining  sulphates.  The  mass,'while  still  hot,  is  then 
exhausted  with  water;  sulphate  of  potash  (the  residue  of  the  nitric  acid 
manufacture)  is  dissolyed  in  the  heated  filtrate;  the  liquid  eraporated  and 
cooled  till  it  yields  crystals  of  nickel-oxide  and  potash;  the  crystals 
gently  ignited  to  render  the  adhering  ferric  arseniate  insoluble,  and  after- 
wards dissolyed  in  water;  and  carbonate  of  nickel-oxide  precipitated 
from  the  filtrate  by  the  addition  of  carbonate  of  potash.  This  process 
yields  perfectly  pure  nickel,  but  the  sulphuric  acid  does  not  extract  the 
whole  of  the  nickel  from  the  speiss;  moreorer,  the  crystallization  is 
tedious. 

7.  One  part  of  carefully  roasted  speiss  is  mixed  with  1  pt.  of  pounded 
fluorspar,  and  from  3  to  3^  pts.  of  oil  of  vitriol,  and  heated  in  a  leaden 
yessel  to  a  temperature  above  100^,  the  mixture  being  constantly  stirred, 
and  the  heat  continued  till  it  is  dry;  care  must  be  taken  not  to  inhale  any 
vapour  of  fluoride  of  arsenic.  It  is  then  taken  out,  broken  up,  and  burnt 
at  a  moderate  heat  in  a  reverberatory  furnace ;  the  product  exhausted 
with  boiling  water;  the  liquid  filtered  from  the  gypsum;  and  the  ferric 
oxide  contained  in  it  precipitated  in  the  ordinary  way.  The  filtrate  still 
gives  a  yellow  precipitate  with  sulphuretted  hydrogen,  but  the  precipi. 
tate  does  not  contain  arsenic.  (Liebig,  Pagg*  18, 166.)  Further  purifica- 
tion from  lime  and  cobalt  is  required.  According  to  Duflos,  a  platinum 
dish  must  be  used  instead  of  the  leaden  vessel,  if  it  be  required  to  drive 
off  all  the  arsenic,  because  the  lead  reduces  part  of  the  arsenic  to  the 
metallic  state. 

8.  Roasted  speiss  is  dissolyed  in  strong  hydrochloric  acid,  the  liquid 
filtered  and  evaporated  to  dryness,  and  the  residue  heated  nearly  to  red- 
ness, and  afterwards  exhausted  with  water.  Arseniate  of  ferric  oxide  is 
then  left  undissolved,  accompanied  by  the  arseniates  of  nickel-  and 
oobalt-oxide,  if  the  quantity  of  ferric  oxide  added  is  not  suflicient  to  take 
up  the  whole  of  the  arsenic  acid.  The  solution  contains  chloride  of 
nickel,  which,  however,  requires  further  purification.  (Berzelius.) 

9.  Roasted  speiss  is  digested  in  hydrochloric  acid,  which  leaves 
nothing  undissolved  but  3  or  4  per  cent,  of  sulphur,  and  a  few  granules 
which  have  retained  the  metallic  state;  the  liquid  is  diluted  with  water, 
and  separated  by  filtration  from  the  precipitated  oxychloride  of  bismuth; 
the  filtrate  heated  to  the  boiling  point ;  aqueous  sesquichloride  of  iron 
added  to  it,  and  then  milk  of  lime  in  small  portions — ^the  boiling  being 
still  continued,  till  a  sample  taken  out  of  it  exhibits  the  characters 
described  in  (4);  and  the  nickel  precipitated  from  the  filtrate  by  milk  of 
lime  free  from  iron.  In  applying  this  method  also,  it  is  better  to  use  too 
much  chloride  of  iron  and  milk  of  lime,  than  too  little;  it  is  preferable  to 
the  4th  and  6th  methods,  and  may  be  used  in  the  preparation  on  the 
Urge  scale.  (Erdmann.) 

10.  Unroasted  cobalt-speiss  is  treated  as  described  in  the  preparation 
of  cobalt  (p.  318,  6);  the  resulting  sulphide  of  nickel  (which  appean  free 
from  arsenic  after  being  once  fused  witii  sulphur  and  carbonate  of  potash. 
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and  then  washed  oat  with  water)  dissolred  in  nitric  or  nitrosulphnric 
acid,  and  subjected  to  further  treatment.  (Wbhler,  ^oga,  6,  227.) 

11.  One  hundred  parts  of  pounded  speiss  are  fused  with  40  parts  of 
nitre.  The  mixture  becomes  red-hot,  swells  up  a  little,  and  fuses  com- 
pletely at  a  stronger  heat,  ^ieldiuff  (1)  an  upper  layer  of  slag,  which  is 
brown,  translucent^  crystalline,  and  consists  of  sulphate  of  potash,  with  a 
small  quantity  of  cobalt;  (2)  a  eonipact,  ^eyish-black,  lower  stratum  of 
slag,  containing  small  quantities  of  cobut  and  iron :  and  (3)  a  regulus 
amounting  to  84  parts,  and  consisting  chiefly  of  nickel  and  arsenic. 
— This,  when  pulverized  and  again  i^ited  with  33*6  parts  of  nitre, 
yields  (1)  a  partly  blue,  partly  greyish-black  slag,  containing  iron,  cobalt, 
and  a  small  quantity  of  nickel;  and  (2)  a  regulus  amounting  to  58*8  parts, 
partly  divided  into  granules. — This,  when  a^ain  fused  with  23 '5  parts  of 
nitre,  yields  a  greyish-green  slag,  rich  in  nickel,  but  poor  in  cobalt,  and 
a  regujus  amounting  to  35  3  parts,  and  consisting  whoUy  of  nickel  and 
arsenic.  In  the  third  fusion,  a  somewhat  smaller  quantity  of  nitre  may 
be  used,  in  order  to  ayoid  the  loss  of  nickel. — To  obtain  pure  nickel 
from  the  arsenide  thus  produced,  three  methods  may  be  adopted :  (a.)  The 
pounded  regulus  is  roasted  as  long  as  arsenic  continues  to  be  evolved; 
the  residue,  together  with  y^th  of  iron,  is  dissolved  in  aqua-regia;  the 
solution  eyaporated  to  dryness  at  a  gentle  heat;  the  residue  dissolved  in 
water,  which  leaves  the  greater  part  of  the  ferric  arseniate  undissolved; 
the  remainder  of  the  ferric  arseniate  precipitated  from  the  filtrate  b^ 
cautious  addition  of  carbonate  of  ammonia;  the  liquid  filtered  from  this 
precipitate,  treated  with  sulphuretted  hydrogen  to  precipitate  any  copper 
or  lead  that  may  be  present;  the  solution  a^ain  filterea  and  evaporated 
to  dryness;  and  pure  protoxide  of  nickel  obtained  from  the  residue  by 
ignition. — -(6.)  1  part  of  pounded  arsenide  of  nickel  is  fused  with  1^  pts. 
nitre  and  2  pts.  carbonate  of  potash  (or  with  8  or  10  parts  of  litharge,  or 
with  a  much  smaller  quantity  of  lead-nitrate);  the  fused  mass  washed 
with  water;  the  residue,  together  with  a  small  quantity  of  iron,  dissolved 
in  nitric  acid;  the  solution  treated  as  in  a;  and  finally  the  nickel  pre- 
cipitated by  carbonate  of  soda. — (c.)  1  pt.  of  arsenide  of  nickel  is  fused 
at  a  white  heat  with  1^  pt.  dry  carbonate  of  soda^  1  pt.  sulphur,  and 
1^7  charcoal;  the  sulphide  of  nickel,  which  unites  into  a  cake,  separated 
from  the  sla^,  and  again  fused  in  the  same  manner  with  \  pt.  carbonate 
of  soda>  1  sulphur,  and  -^  charcoal;  the  cake  separated  from  the  slag, 
repeatedly  exhausted  with  water,  which  still  takes  up  a  large  quantity  of 
sujpharseniate  of  sodium,  and  leaves  the  nickel-sulphide  in  tne  form  of 
metallic  spangles;  and  finally  acted  upon  by  dilute  sulphuric  acid,  which 
does  not  attack  the  sulphide  of  nickel.  The  sulphide  of  nickel  thus  puri- 
fied, is  dissolved  in  aqua-regia;  the  liquid  evaporated  to  dimiess;  the 
residue  digested  in  water;  any  copper  and  lead  that  may  be  present, 
precipitate  by  sulphuretted  hydrogen;  the  liquid  filtered  and  evaporated; 
and  pure  nickel-oxide  obtained  from  the  residue  by  ignition.  (Berthier.) 

12.  One  part  of  unroasted  speiss  in  the  state  of  fine  powder  is  mixed 
with  2  pts.  litharge,  and  rapidly  heated  in  the  wind-furnace  till  it  fuses* 
The  sulphur  bums;  the  more  oxidable  metals  are  converted  into  slag;  and 
the  less  oxidable  nickel  settles  at  the  bottom,  in  combination  with  arsenic. 
If  it  still  contains  cobalt,  the  latter  is  removed  by  pounding  the  regulus 
yery  finely,  sifting  it  through  fine  silk,  and  again  fusing  it  with  1  or  2  pts. 
of  litharge.  100  parts  of  speiss  thus  treated  yield  from  50  to  60  parts  of 
pure  arsenide  of  nickel,  which  may  be  treated  as  in  (10).  The  cobalt  and 
nickel  contained  in  the  lead-slag  produced  in  this  process  may  likewise  be 
separated  out.  (Berthier,  Ann*  C%fm.  PAy«.  33,  49.) 
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13.  Hennbstadt's  method  (p.  319)  may  likevrise  be  applied  to  the 
separation  of  nickel. 

14.  Commercial  oxide  of  nickel  may  be  purified  by  digesting  it  in  a 
quantity  of  hydrochloric  acid  not  quite  sufficient  to  dissolve  it  (the  ferru- 
ginous nickel-oxide  is  then  left  undissolyed) ;  treating  the  filtrate  with 
sulphuretted  hydrogen,  to  precipitate  copper  and  arsenic;  filtering  agMn 
and  boiling,  with  addition  of  nitric  acid  at  last,  to  bring  the  iron  to  a  higher 
state  of  oxidation;  mixing  the  solution  with  acetate  of  potash,  and  boiling 
again  to  precipitate  the  ferric  oxide  completely;  and  passing  sulphuretted 
hydrogen  through  the  filtrate^  whereby  the  greater  part  of  the  nickel  is 
precipitated,  together  with  a  trace  of  cobalt.  The  remaining  portions  of 
the  nickel  and  cobalt  may  be  obtained  from  the  filtrate  by  precipitating 
with  sulphide  of  ammonium  which  has  turned  yellow;  digesting  in  acetic 
acid,  which  re-dissolves  the  manganese;  and  collecting  the  precipitate  on 
a  filter.  (Wackenroder,  iVT.  Br.  Arch,  16,  128.) 

IT  15.  The  following  method  is  adopted  in  a  manufactory  at  Bir- 
mingham for  separating  nickel  and  cobalt  from  the  Hungarian  speiss,  con- 
taining 6  per  cent,  of  nickel  and  3  p.  c.  of  cobalt.  The  ore  is  first  fused 
with  chalk  and  fluorspar — the  slag  thrown  away — and  the  fused  product 
ground  to  powder,  and  roasted  for  12  hours  in  a  reverberatory  furnace, 
till  no  more  fumes  of  arsenious  acid  are  given  off.  The  roasted  product 
then  dissolves  almost  completely  in  hydrochloric  acid.  The  solution  is 
diluted  with  water,  mixed  with  chloride  of  lime,  to  conyert  the  iron  into 
sesquioxide,  and  with  milk  of  lime  to  precipitate  that  oxide  together  with 
the  arsenic.  The  precipitate  (which  is  of  no  further  use)  is  then  washed, 
and  sulphuretted  hydrogen  passed  through  the  clear  liquid,  till  a  filtered 
sample  fives  a  black  precipitate  on  the  addition  of  ammonia.  The  pre- 
cipitated sulphides  (which  are  likewise  of  no  further  use)  haying  been 
washed  with  water,  the  solution  is  next  treated  with  chloride  of  lime  to 
precipitate  the  cobalt,  and  then  with  milk  of  lime  to  throw  down  the 
nickel.  The  cobalt-precipitate  is  converted  either  into  sesquioxide  by 
gentle  ignition,  or  into  protoxide  by  strong  ignition,  and  sent  into  the 
market  in  one  or  other  of  these  forms  :  it  is  said  to  be  very  pure.  The 
precipitated  nickel  is  reduced  by  charcoal,  and  sold  to  the  manufacturers 
of  German  silyer.  (Louyet,  N,  J.  Pharm^  15,  204.)  H 

For  the  $eparati<m  of  Nickel  from  Cobalt,  the  methods  described  on 
pages  319, 320,  may  be  used.  With  regard  to  method  (4)  the  following  is 
to  be  observed  :  The  acid  solution  mixed  with  cyanide  of  potassium  till 
the  precipitate  re-dissolves,  and  then  gently  warmed,  is  to  be  boiled  for  at 
least  an  hour  with  a  very  large  excess  of  hydrochloric  acid;  by  this  means 
the  precipitated  cyanide  of  nickel  is  dissolved  in  the  form  of  chloride, 
while  double  cyanide  of  cobalt  and  nickel  remains  upon  the  filter.  ^liebig.) 
To  separate  Jvickel  from  Manganese,  the  acid  solution  is  mixea  with  a 
sufficient  quantity  of  acetate  of  soda;  the  greater  part  of  the  nickel  preci- 
pitated by  sulphuretted  hydrogen;  the  filtrate  freed  by  evaporation  from 
the  greater  part  of  the  excess  of  acid,  then  largely  diluted,  and  the  metals 
precipitated  by  sulphide  of  ammonium  added  m  large  excess.  The  mix- 
ture is  then  supersaturated  with  acetic  acid,  which  re-dissolves  the  preci- 
pitated sulphide  of  manganese,  and  the  sulphide  of  nickel  collected  after 
a  few  minutes  on  the  filter,  and  washed  with  water  containing  sulphuretted 
hydrogen.  (Wackenroder,  N,  Br.  Arch.  16,  126.)  The  second  method  for 
the  separation  of  cobalt  from  manganese  may  likewise  be  applied  in  this 
case. 
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Beduction.'-^l.  Pare  protoxide  of  nickel,  or  ite  carbonate,  is  intro- 
daced  into  a  covered  charcoal  crucible — either  alone  or  made  up  into  a 
stiff  paste  with  oil,  and,  according  to  Berthier  and  Erdmann,  under  a 
layer  of  glass — and  exposed  to  the  heat  of  a  blast-furnace.  The  nickel 
thus  reduced  takes  up  a  small  quantity  of  carbon,  and  likewise  forms 
more  or  less  nickel-graphite.  If  the  fire  be  kept  as  low  as  possible,  the 
reduction  gradually  extends  from  without  inwards,  and  a  grey,  porous 
nickel  is  formed,  containing  but  little  carbon.  When  large  quantities  are 
to  be  reduced,  a  mixture  of  100  parts  nickel-oxide  and  8  or  10  charcoal 
powder  is  closely  pressed  into  an  nnluted  earthen  crucible,  and  very  strongly 
Ignited.  (Berthier.) — 2.  The  same  mixture  is  heated  alone  in  the  pottery- 
furnace.  (Richter.)  In  this  case,  carbonic  oxide  is  tbe  reducing  agent. 
— 3.  Or  it  is  exposed  to  the  flame  of  the  oxyhydrogen  blowpipe. 
— 4.  Hydrogen  gas  is  passed  oyer  the  ignited  oxide.  In  this  case  the 
metal  remains  pulverulent. — 5.  Oxalate  of  nickel-oxide,  or  oxalate  of 
nickel-oxide  and  ammonia,  is  heated  to  redness  under  a  stratum  of  pounded 
glass  not  containing  any  heavy  metal.  (Dobereiner,  Berselius.) 

Properties, '^Fuaei  nickel  reduced  by   (1)  has  a  density  of  8*38 
(Tupputi),  the  density  of  that  obtained  by  (2)  is  8*279  according  to 
Bichter,  and  8402  according  to  Tourte  (N.  Gehl.  7,  442) ;  of  that  pre- 
pared by  (5),  the  density  is  8*637  (Brunner,  Kcutn.  Arch.  14,  177)  ; 
while  that  reduced  by  (1)  has  a  density  of  9*0,  according  to  Yauquelin 
and  Hauy.     Hammered  nickel  reduced  by  (1)  has  a  density  of  8*82 
(Tupputi),  and  the  density  of  that  obtained  by  (2)  is  8*666  according  to 
Bichter,  and  8*932  according  to  Tourte. — Nickel  reduced  by  (2)  is  hard 
and  susceptible  of  a  high  polish,  perfectly  ductile,  and  may  be  hammered, 
either  cold  or  hot,  into  pLsbtes  ^77  ^^  ^^  ^^^^  ^^  thickness,  and  drawn  out 
into  wires  iV  of  an  inch  in  diameter.   (Richter.)     It  wears  a  file  very 
rapidly.     When  bent,  it  becomes  hot  and  exhibits  an  indented  fracture 
(Tourte.)      Its  malleability  is  diminished    by  admixture  of  carbon  or 
manganese.     Nickel  obtained  by  (1)  is  often  less  ductile  than  sine 
(Tupputi);  it  is  brittle  in  the  cold,  somewhat  extensible  at  a  red  heat : 
that  obtained  by  (5)  yields  to  the  hammer  at  first,  but  afterwards  flies 
asunder,  into  pieces  exhibiting  a  strongly  lustrous,  coarse-grained  frac- 
ture (Brunner);  it  is  brittle.  (Geitner, /Sc^ur.  48,  147.) — The  colour  of 
nickel  is  silver-white,  inclining  to  steel-my ;  it  has  a  strong  lustre. 
According  to  Richter,  nickel  may  be  welded ;  but  according  to  Tourte, 
it  welds  but  imperfectly.     Nickel  obtained  by  (2)  is  at  least  as  difficult 
effusion  as  manganese.  (Bichter,)     That  obtained  by  (1)  [probably  from 
admixture  of  can>on'l  fuses  more  readily  than  manganese  (Tupputi);  as 
easily  as  cast-iron  (Erdmann).     That  obtained  by  (1)  contracts  strongly 
in  solidifying,  so  that  the  solid  mass  exhibits  a  depression  on  its  upper 
surfBKse.  (Gm.) — It  is  attracted  by  the  magnet,  and  maybe  rendered  mag- 
netic by  the  same  means  as  iron.     According  to  Tupputi,  its  magnetic 
power  is  somewhat  less  than  that  of  iron;  according  to  Lampadius,  the 
magnetic  power  of  nickel  is  to  that  of  iron  as  35  :  55;  according  to  Wol- 
laston,  as  2 — 3  :  8 — 9.     Its  magnetic  power  is  destroyed  by  repeated 
ignition.  (Tourte.) 
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Compounds  of  Nickel, 
Nickel  and  Oxtoen. 
A.  Nickel-oxide.    NiO. 
Protoxide  ofUfichel,  Nicheloxydul ;  fonnerly  ITickeloxyd, 

Formation, — 1.  Nickel  does  not  oxidate  in  the  air  at  oidinary  tem* 
peratures,  even  though  the  air  be  damp  (Richter) ;  at  a  higher  tempera- 
ture, it  tarnishes  on  the  surface,  and  exhibits  different  colours,  like  steel 
(Tourte),  and  at  a  red  heat  becomes  covered  with  a  greenish -grey  oxide, 
when  kept  at  a  red  heat  for  a  considerable  time,  it  is  almost  wholly  con- 
verted into  a  brown,  brittle  mass,  which  is  either  a  mixture  of  the  prot- 
oxide with  metallic  nickel — inasmuch  as  it  is  attracted  by  the  ma^et — 
or  a  suboxide.  (Tupputi.)  Nickel  reduced  by  hydrogen  at  a  gentle  heat 
takes  fire  when  exposed  to  the  air  after  cooling.  (Magnus.)  On  a  glowing 
coal  fed  with  oxygen  gas,  nickel  burns  with  emission  of  yivid  sparks 
(Tonrte);  and  a  nickel  wire  introduced  into  oxygen  gas  with  a  piece  of 
red-hot  charcoal  at  the  end,  bums  for  a  short  time  with  emission  of 
sparks.  (Berzelius.) — 2.  Nickel  does  not  decompose  water  at  ordinary 
temperatures.  (Tupputi.)  At  a  red  heat,  it  decomposes  aqueous  vapour 
very  slowly,  becoming  covered  with  finely  cirstalhzed  oxide  of  a  light 
olive-green  colour.  TRegnault,  Ann.  Chim,  Fhys,  62,  352.)  It  dissolves 
very  slowly,  and  witn  evolution  of  hydrogen,  in  dilute  phosphoric,  sul- 
phuric, or  hydrochloric  acid,  hydrogen  bieing  evolved  and  a  salt  of  the 
protoxide  formed.  (Tupputi.) — 3.  Nitric  acid  oxidizes  nickel  very  easily, 
with  evolution  of  nitno  oxide  gas ;  heated  oil  of  vitriol  (according  to 
Tupputi)  oxidizes  it  with  great  difficulty,  sulphurous  acid  being  evolved. 
The  oxide  of  nickel  formed  in  these  cases  unites  with  the  acid. — i.  Red- 
hot  nickel  is  oxidized  by  nitre. 

FreparcUion, — By  igniting  the  hydiated  oxide  or  the  carbonate  in  a 
close  vessel.  The  protoxide  of  nickel  thus  obtained  is  mixed  with  per* 
oxide,  from  which  it  may  be  freed  by  heating  it  to  100°  in  a  stream  of 
hydrogen.  (Erdmann.) 

Properties. — Small  crystals  of  a  light  olive-green  colour  (Regnault, 
vid.  sup.);  green-greyish  yellow  powder  (Erdmann);  when  formed  at  a 
white  heat,  it  is  an  olive-green  powder  (Berthier).  Blackish-grey. 
(Tupputi.)  Not  magnetic.  Specific  gravity  of  the  crystallized  oxicJe, 
6*605.  (Genth.) 

Klaproth.  Richter.  Thomson. 

Ni 29*5        ....        78-67        ....        77        ....        77*82        ....        78 

O S'O        ....        21*33        ....        23        ....        22-18        ....        22 

NiO  37-5        Z.      100-00        Z       100        Z      It^-OO        Z.       100 

Rothoff.  Tappntt  Praiist.  Lasaa^ne. 

Ni 78-555        ....         787        ....        80        ....        83  33 

0 21-445         ....         21-3         ....         20         ....         1666 

100000      Z.     100-0      Z.     100      Z.     100-00 

Decompositions. — Reduced  to  the  metallic  state  by  ignition  with  char- 
coal^ carbonic  oxide  gas,  or  hydrogen  gas^  or  with  potassium  or  sodium  (at 
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a  temperatnie  somewhat  below  the  melting  points  of  these  metals^  and  with 

viyid  mcandescence);  when  heated  with  salphur,  it  is  oonyerted  into  snl* 

phide.     Protoxide  of  nickel  is  reduced  to  the  metallic  state  by  hydrogen, 

at  the  same  temperature  as  that  at  which  it  oxidizes  in  an  atmosphere  of 

aqueous  vapour.  (Despretz.)     A  mixture  of  equal  rolumes  of  carbonic 

oxide  and  carbonic  acid  gases  reduces  the  oxide  of  nickel  to  the  metallic 

state,  and  has  no  action  on  the  metal  itself.  (Laurent.)    Richter  found  that 

oxide  of  nickel  is  reduced  to  the  metallic  state  in  the  pottery  furnace,  and 

therefore  included  nickel  among  the  noble  metab.     But  the  suggestion 

thrown  out  by  Omelin,  that  the  reduction  is  due  to  the  carbonic  oxide 

ga.s  diffused  through  the  furnace,  has  been  confirmed  by  Liebig  &  Wohler 

(Pegg.  21,  584),  and  by  Laurent  {Ann.  Chim.  PhyB,  ^5^  425).     When 

heated  on  charcoal  in  the  inner  blowpipe-flame  with  a  large  quantity  of 

carbonate  of  soda,  the  oxide  is  reducea  and  sinks  into  the  charcoal ;  and 

on  removing  the  charcoal  by  trituration  and  leviffation,  the  reduced  metal 

is  obtained  in  silver-white,  magnetic  particles;  if  only  a  small  quantity  of 

carbonate  of  soda  is  used,  the  reduced  nickel  remains  on  the  surface  of 

the  charcoal,  and  must  be  freed  from  carbonate  of  soda  by  washing. 

(Berzelius.) 

Combinations.  —  a.  With  Water.  —  Hydrated  Nickel-oxide,  or 
Nickel-hydrate. — Formed  by  decomposing  a  dissolved  nickel-salt  with 
potash  or  soda;  by  heating  an  insoluble  nickel-salt  with  aqueous  potash- 
or  sodarsolution,  and  dissolving  out  the  alkali  with  boiling  water;  or  by 
heating  the  compound  of  nickel-oxide  and  ammonia.  The  hydrated 
oxide  usually  takes  the  form  of  apple-green,  bulky  flakes;  it  is  nearly 
tasteless;  slightly  soluble  in  water.  (Tupputi.^  Gives  off  its  water  when 
strongly  heated,  but  not  by  mere  boiling  with  water.  (Proust,  A .  Gehl. 

6,  580.) 

ProuBt. 

NiO 37-5        ....        80-64        ....        78 

HO 90        ....        19-36        ....        22 

NiO,HO 46-5        ....      10000        ....      100 

IT  According  to  Schaffner,  however,  the  hydrate  contains  only  76  per  cent, 
of  nickel-oxide,  and  its  formula  is  4NiO-|-5Aq.  {Ann.  Fharm.  51, 179.)  IT 

h.  With  Acids,  forming  the  Salts  of  Nickel-oxide,  or  Nickel-salts. 
— ^The  alfinity  of  nickel-oxide  for  acids  is  considerable,  but  not  so  great 
as  that  of  cobalt-oxide.  The  salts  are  obtained  by  dissolving  the  metal 
or  the  peroxide  in  the  stronger  acids;  by  treating  the  pure  or  hydrated 
oxide  or  the  carbonate  with  acids ;  by  double  decomposition,  8cg.  Prot- 
oxide of  nickel  dissolves  in  eal-ammoniac,  with  evolution  of  ammonia. 
(Demar9ay.)  Nickel-salts  are  generally  yellow  or  greyish-yellow  in  the 
anhydrous  state,  and  emerald-green  or  apple-green  when  hydrated,  unless 
the  acid  itself  has  a  peculiar  colour.  Marks  made  on  paper  with  the 
solution  turn  yellow  when  heated,  and  lose  their  colour  again  on  cooling. 
Soluble  nickel'Salts,  even  when  the  acid  is  perfectly  saturated,  redden 
litmus ;  they  taste  rou^h  and  sweetish  at  flrst,  and  afterwards  metallic, 
and  exert  an  emetic  action.  The  insoluble  salts  have  also  a  metallic  taste, 
but  not  so  powerful.  Nickel-salts  which  contain  a  volatile  acid  part  with 
it  at  a  red  heat ;  the  sulphate,  however,  is  decomposed  with  difliculty. 
With  fluxes  before  the  blowpipe  they  exhibit  the  same  characters  as  the 
oxide.    Zinc  powder  added  m  excess  to  i^  solution  of  sulphate  or  chloride 
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of  nickel  (or  of  cobalt)  sets  hydrogen  free,  and  precipitates  the  whole  of 
the  metal  in  the  form  of  a  black  magnetic  powder.  (Becquerel.)  Zinc 
added  to  a  solution  of  nickel  throws  down  green  flakes  and  liberates 
hydrogen  till  a  double  salt  of  zinc  and  nickel  is  formed.  (Tupputi.) 
Fischer  {Pogg.  9,  265;  22,  495)  likewise  obtained  green  gammj  flakes 
with  cadmium  and  tin,  but  not  when  the  nitrate  of  nickel-oxide  was  used. 

Hjdrosulphuric  acid  produces  no  precipitate  in  solutions  of  nickel- 
oxide  in  the  stronger  mineral  acids,  unless  the  acid  is  saturated  as  com- 
pletely as  possible;  in  that  case,  it  throws  down  a  small  quantity  of  black 
hydrated  sulphide  of  nickel ;  but  the  slightest  excess  of  acid  prevents  the 
precipitation.  From  nickel-salts  containing  yegetable  acids — ^the  acetate, 
for  example — hydrosulphuric  acid  throws  down  the  greater  part  of  the 
nickel.  Acetate  of  nickel-oxide  is  completely  precipitated  by  hydro- 
sulphuric  acid.  (Robiquet,  Ann.  Chim.  Phys,  69,  285.)  According  to 
Wackenroder,  the  precipitation  is  not  quite  complete,  and  ceases  as  soon 
as  the  excess  of  acetic  acid  reaches  a  certain  limit.  Nickel-salts  containing 
mineral  acids,  but  converted  into  acetates  by  the  addition  of  acetate  of  soda, 
are  almost  entirely  decomposed  by  hydrosulphuric  acid.  The  sulphide  of 
nickel,  when  once  precipitated,  is  but  very  sparingly  re-dissolved  b v  dilute 
mineral  acids — somewhat  more  freely  by  cold  concentrated  acids — and 
scarcely,  if  at  all,  by  dilute  acetic  acid.  Hence  strongly  acidulated  nickel 
solutions  yield  a  permanent  precipitate  with  an  alkaline  hydrosulphate 
eyen  in  very  small  quantity.  (Wackenroder,  N,  Br.  Arch.  16, 123.)  Alka- 
line hydrosulphates  precipitate  nickel-salts  completely;  hydrosulphate  of 
ammonia,  however,  retains  a  portion  of  the  sulphide  of  nickel  in  solution— 
for  a  while  at  least — ^forming  a  dark-coloured  liquid.  The  hydrosulphate 
of  ammonia,  in  proportion  as  it  is  conyerted  by  contact  with  the  air  into 
hydrosulphite,  deposits  sulphide  of  nickel,  probably  containing  more  than 
one  atom  of  sulphur,  and  therefore  insoluble  in  hy<m)6ulphate  of  ammonia. 
Hence  chloride  of  nickel  supersaturated  with  ammonia,  forms,  with  hydro- 
sulphate of  ammonia,  a  liquid  which  is  black  [brown]  at  first,  but  slowly 
becomes  clear  by  exposure  to  the  air  Hmmeoiately  on  the  addition  of 
acetic  acid).  Hydrosulphate  of  ammonia  containing  hydrosulphite  {e.  g. 
Beguin'a  Spirit)  precipitates  nickel-solutions,  either  acid  or  ammoniacal» 
completely  and  immediately,  so  that  a  colourless  filtrate  is  obtained. 
(Wackenroder.)  Hydrated  sulphide  of  manganese  and  sulphide  of  cobalt 
likewise  throw  down  hydrated  sulphide  of  nickel  from  solutions  of  nickel- 
salts.  (Anthon.) 

Ammonia  added  in  small  quantity,  even  to  neutral  nickel-salts,  pro- 
duces but  a  very  slight  turbidity,  and  when  its  quantity  is  increased, 
changes  the  green  colour  of  the  solution  more  and  more  to  blue,  and 
ultimately  to  violet.  The  violet  liquid  may  be  supposed  to  contain 
ammoniacal  oxide  of  nickel  (niccolate  of  ammonia)  together  with  another 
nickel-salt.  So  long  as  the  quantity  of  ammonia  is  less  than  sufficient  to 
saturate  both  the  acid  contained  in  the  nickel-salt  and  the  oxide  of 
nickel,  the  liquid  probably  contains  a  certain  quantity  of  undecomposed 
nickel-salt,  as  well  as  niccolate  of  ammonia  and  the  other  ammoniacal 
salt.  The  blue  liquid,  when  exposed  to  the  air,  deposits,  in  proportion  as 
it  gives  off  ammonia  and  takes  up  carbonic  acid,  a  green  compound  of 
carbonic  acid,  nickel-oxide,  and  ammonia. — -Potash  and  soda  added  to 
nickel-salts  completely  precipitate  the  oxide  in  the  form  of  an  apple* 
green  hydrate,  containing  a  portion  of  the  alkali,  but  insoluble  in  excess. 
— Carbonate  of  ammonia,  potash,  or  soda,  throws  down  a  pale  green  pre- 
cipitate, which  is  but  slightly  soluble  in  excess  of  carbonate  of  soda^  even 
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when  yeiy  higlily  concentrated^  but  easily  Bolable  in  carbonate  of  am- 
monia, with  which  it  forma  a  greenish-blue  solution. — Chlorine  passed 
through  the  liquid  converts  the  precipitate  into  hydrated  peroxide,  but 
does  not  dissolye  it. — The  carbonates  of  baryta,  strontia,  lime,  and 
magnesia,  do  not  precipitate  nickel-salts  in  the  cold,  but  completely  on 
boiling.  (Demar9ay.)  According  to  Fuchs  {Sckw.  62,  191),  carbonate  of 
lime  produces  no  precipitate  in  nickel-salts,  even  at  a  boiling  heat. — 
Hydrated  cobalt-oxide  boiled  with  nickel-salts  throws  down  hydrated 
oxide  of  nickel.  (Anthon.) — Hydrated  lead-oxide  likewise  decomposes 
the  hydrochlorate  and  nitrate  of  lead-oxide  at  a  boiling  heat,  and 
hydrated  stannous  oxide  and  mercuric  oxide  decompose  the  hydrochlorate. 
(Demar^ay,  Ann.  Fharm.  11,  251.) — Phosphate  of  soda  forms  a  greenish- 
white  precipitate  with  nickel-salts. — Sulphite  of  potash  (but  not  sulphite 
of  ammonia)  at  a  boiling  heat  precipitates  part  of  the  oxide  in  the  form 
of  a  basic  salt.  (Berthier.) 

Oxalic  acid  (not  oxalate  of  potash)  gradually  decomposes  the  salts  of 
nickel,  throwing  down  nearly  all  the  oxide  in  the  form  of  a  greenish- 
white,  pulverulemt  oxalate. -^Hydrocyanic  acid  added  to  solutions  of 
nickel  in  the  weaker  acids,  completely  precipitates  the  nickel  in  the 
form  of  white  pulyernlen^-  '*vanide.  It  decomposes  the  acetate  com- 
pletely— the  salts  containii  g  mineral  acids  partially — and  the  sulphate  of 
nickel-oxide  and  potash  not  at  all  by  itself,  but  completely  on  the 
addition  of  acetate  of  soda;  in  the  latter  case,  however,  an  excess  of 
hydrocyanic  acid  re-dissolves  the  precipitate.  Cyanide  of  potassium 
precipitates  all  salts  of  nickel,  but  an  excess  of  it  renders  the  solution 
clear  again. — Tincture  of  galls  gives  no  precipitate  with  the  sulphate  or 
chloride  of  nickel,  but  with  the  acetate  it  forms  a  thick  brownish-yellow 
precipitate. 

Those  nickel-salts,  which  are  insoluble  in  water,  dissolve  for  the  most 
part  in  hydrochloric  or  sulphuric  acid. — The  salts  of  nickel  form  double 
salts  with  many  salts  of  ammonia,  potash,  and  soda. 

c.  With  ammonia,  the  fixed  alkalis,  the  earths,  and  many  heavy 
metallic  oxides,  as  lead- oxide,  ferrous  oxide,  ferric  oxide,  &c., — inasmuch 
as  the  aqueous  fixed  alkalis  added  to  an  amoioniacal  solution  of  nickel 

fniccolate  of  ammonia)  throw  down  a  compound  of  nickel-oxide  and  potash 
niccolate  of  potash); — a.nd  when  an  acid  solntion  of  nickel-oxide  and 
magnesia,  alumina,  lead-oxide,  ferrous  oxide,  or  ferric  oxide  is  super- 
saturated with  ammonia,  the  latter  is  unable  to  take  up  all  the  nickel. 

B.  Peroxide  op  Nickel.    Ni'O'. 

Nickelsehwarzey  or  Black  earthy  Nickel,  is  perhaps  an  impure  form  of 
this  compound. 

Preparation. — 1.  By  heating  the  nitrate  of  nickel-oxide  not  quite  to 
redness.  (Berzelius.)— 2.  By  gently  heating  the  carbonate  in  an  open 
vessel.  (Proust.) 

BlacK  powder,  the  specific  gravity  of  which,  according  to  Herapath, 
is  4-846. 

Rothoff.  Lassaigne. 

2Ni 59         ....         7108        ....         7095        ....         71-43 

30 24         ....        28-92        ....        2905         ....         2857 

N?0» 83         ....       10000        ....       100-00        ....       10000 

At  a  red  heat,  this  compound  gives  off  oxygen,  and  is  converted  into 
the  protoxide;  it  dissolves  in  nitric  and  sulphuric  acid,  with  evolution  of 
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oxjgen-^in  hydroclilorio  add,  with  separation  of  ohlorino— «ndiii  aqueous 
ammonia,  with  erolntion  of  bubbles  of  nitrogen  gas  :  in  all  these  cases,  a 
solution  of  the  protoxide  is  formed.  (Proost,  Winkelbleoh^  Ann.  Phartn, 
13.  259.) 

Hydraied  Peroxide  of  Nickel, — 1.  Formed  bj  passing  chlorine  gas 
through  water  in  which  the  hydrate  or  carbonate  of  nickel-oxide  is  sus- 
pended; with  the  anhydrous  oxide  the  action  is  slower.  (Proust,  Lassaigne.) 
A  third  of  the  nickel  dissolyes  in  the  form  of  chloride : 

3NiO  +  a  =  NPO« + NiCl. 

2.  Bj  heating  one  of  the  three  compounds  just  mentioned  with  aqueous 

chloride  of   lime   (Proust,   Bdttger)   or  chloride  of  soda    (Demar9aY). 

Bromine- water  likewise  converts  the  protoxide  of  nickel  into  bromide 

and  peroxide  (Balard);  and  when  a  nicKel-salt  is  placed  in  the  circuit  of 

a  voltaic  battery  consisting  of  at  least  100  pairs  of  plates,  peroxide  of 

nickel  [hydrated  f]  coUects  on  the  positive  pole.  (Fischer,  Kastn,  Arch. 

IG,  219.) 

Black  mass,  having  a  shining,  conchoidal  fracture;  when  diffused  in 

water,  it  appears  dark  brown, 

Winkelblecli. 

2NI 59        ....        53*64        ....        53-84 

30 24         ....         21-82        ....         2203 

3H0 27        ....        24*54        ....        2413 

Ni«O«,3H0 ..       110        Z       100-00        Z       10000 

The  hydrate,  when  heated  to  redness,  gives  off  oxygen  and  water, 
and  leaves  protoxide  of  nickel.  All  acids  dissolve  it  with  violence, 
and  convert  it  into  a  salt  of  the  protoxide;  with  cold  aqueous  oxalic  acid^ 
it  is  quickly  converted  into  carbonic  acid  gas  and  green  pulverulent  nickel- 
oxalate.  ( Winkelblech.)-^It  may  be  boiled  with  caustic  potash  or  soda 
without  undergoing  decomposition;  but  when  boiled  with  water  contain- 
ing a  trace  of  acid,  it  gives  off  oxygen  with  violent  effervescence. 
(Demar9ay,  Ann.  Pharm,  11,  251.) 


Nickel  and  Cabbox. 

A.  Carbide  of  Nickel. — a.  To  this  head  belongs  the  nickel  described 
at  (1)  page  361,  obtained  by  reducing  the  protoxide  with  charcoal.-— 
6.  Nickel  fused  upon  charcoal  before  the  oxy- hydrogen  blowpipe,  takes  up 
carbon,  which  renders  it  brittle,  and  gives  it  a  brass-yellow  colour;  but 
it  remains  magnetic.  (Dobereiner,  N.  Tr,  4,  1,  293.)— c.  The  magnetic 
residue  obtained  on  igniting  the  cyanide  of  nickel,  is  either  a  mixture  or 
a  compound  of  nickel  and  carbon. — d.  Nickel^raphite. — ^When  nickel  is 
reduced  with  charcoal,  the  resulting  metallic  button  is  found  to  be  covered 
with  softly  crystalline,  steel-ffrey  scales,  which  leave  a  stain  when  rubbed, 
are  greasy  to  the  tonch,  and  aissolve  in  nitric  acid.  (Will.  Ross,  &  Irving^ 
Ann,  Phil.  18,  62,  and  149.)     Probably  pure  carbon. 

B.  Carbonate  of  Nickel-oxide,  or  Nickel-Carbonate. — IT.  a. 
Basic  Carbonate.^a,  Emerald-nickel,  Nickelemaragd, — Occurs  in  the  form 
of  a  stalactitic  crust  on  chrome-iron-ore  in  Texas,  and  in  Lancaster  county, 
Pennsylvania;  known  to  American  mineralogists,  since  1846,  by  the  name 
of  Green-oxid€  of  Chromium,    Amorphous,  with  an  uneven,  somewhat  scaly 
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fracture.  Hardness  between  calcspar  and  fluorspar.  Sp.  gt,  from  2*57 
to  2*693.  Emerald-green,  with  strong  yltreous  lastre  and  yellowish' 
green  streak.  Heated  in  a  flask^  it  gives  off  water,  and  tarns  blackish- 
mj,  Dissolyes  readily  in  hydrochloric  acid|  leaying  a  residue  of  chrome- 
iron.  (SiU.  Atfk  J.  [2],  6,  248.) 

BtMrM''nicM.  SiUman. 

3NiO 112-5        ....        69*73        ....        68-82 

Co» 220        ....         11-66        ....        11  69 

6HO 540        ....        28-61        ....         29*49 

NiO,C02  +  2(NiO,3HO)  ....       188-5        T»      10000        Z      10000 

/9.  HydrtMiiekel^nagnetUe. — A  mineral  allied  to  the  preceding,  and 
occnrring  in  the  same  localities,  on  serpentine.  It  contains  magnesia  in 
addition  to  the  pteceding  constituents.  It  has  not  been  analyzed  quanti- 
tatively. (Shepard,  SiU.  Am.  J.  [2]  6,  250.)  T 

5.  Monocai^xmaU.^^The  protoxide  and  its  hydrate  absorb  carbonic 
acid  from  the  air,  and  acquire  a  green  colour  in  consequence.  (Proust.) 

When  a  nickel-salt  is  precipitated  by  an  alkaline  carbonate,  pale 
apple-ffreen  flakes  are  obtained,  which,  after  washing  and  drying,  some- 
times form  a  loose,  earthy,  pale  green  mass,  haviug  a  fftint  meta]Iio  taste, 
sometimes,  especially  after  continued  washing  with  boiling  water,  a  thick 
blackish -green  mass,  having  a  conchoidal,  waxy  fracture. — The  salt  thus 
obtained  is  always  basic;  but  its  proportions  of  base,  acid,  and  water  vary 
considerably,  accordingly  as  monocarbonate  or  bicarbonate  of  potash  has 
been  used  as  the  precipitant,  and  according  to  the  composition  and  tempe- 
rature of  the  mixture,  and  the  temperature  of  the  wash -water ;  this  will 
be  seen  from  the  following  statements  :  a.  Precipitated  by  bicarbonate  of 
potash  :  greenish-white,  mils  to  pieces,  and  forms  a  white  powder  when 
exposed  to  sunshine.— 6.  Precipitated  by  monocarbonate  of  potash.  (Ber- 
thier.)  [These  precipitates  were  probably  merely  dried  in  theair.l— «.  Pre* 
cipitated  by  bicarbonate  of  potasn  from  a  tolerably  concentrated  solution 
of  chloride  of  nickel  kept  in  constant  ebullition.  The  gelatinous  preci- 
pitate, after  being  washed  with  warm  water,  shrinks  toother  strongly 
on  drying;  it  is  green  and  dotted  with  white  specks;  dried  over  oil  of 
vitriol  in  vacuo. — d.  The  dilute  solution  precipitated  with  a  slight  excess  of 
monocarbonate  of  potash.  One  part  a  washed  with  cold,  the  other  fi  with 
boiling  water;  both  dried  in  vacuo  over  oil  of  vitrioL — e.  Precipitated 
from  a  tolerably  concentrated  and  boiling  solution  with  twice  the  quantity 
of  monocarbonate  of  potash  required  for  precipitation;  the  precipitate 
after  dryinc^  in  the  air,  loses  no  more  weight  by  drying  in  vacuo.—/.  The 
same  as  d,  out  the  solution  more  dilute,  and  tne  jprecipitate  washed  with 
boiling  water;  dried  as  above. — ^.  Precipitated  from  a  moderately-con- 
centrated solution  by  carbonate  of  potash ;  the  precipitate  merely  dried 
in  the  air.  (Betterberg,  Pogg.  19,  56.) 

a.  b,  e.  dfO.  d,^,  e.  f,  g. 

NiO 48-3  ....  47-5  ....  67-47  ....  69-50  ....  71*60  ....  7369  ....  81-58  ....  6878 

CO* 21-0  ....  14-0  ....  14-89  ....     515  ....     5-23  ....  1106  ....     2*99  ....     3-17 

HO 30-7  ....  38-5  ....  17-64  ....  25-35  ....  2317  ....  15-25  ....  15-43  ....  2805 

100*0  ....100-0  ....lOO'OO  .M.lOa-00  ....lOO-OO  ....lOOOO  ....100*00  ....100-00 
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Nickel  and  Boron. 

Borate  of  NickbIi-oxidb.— Borax  tbrows  down  from  nickel  salts  a 
pale  apple-green  powder,  not  solable  in  water,  bat  soluble  in  sulphnri^ 
nvdrochloric,  and  nitrio  acid  (Tnppnti);  it  fuses  into  a  hjacintli-coloured 
glass.  (Berzelins.) — ^xborate  of  soda  likewise  forms  a  greenish  preci- 
pitate with  nickel-salts. 


NiCKBL  AND  PhOSPHOBITS. 


A.  Phosphibb  of  Nickbl. — a.  Containing  hut  a  tmall  quantity  of 
Phosphonu, — 1.  Formed  by  passing  phosphorus  rapour  oyer  red-hot 
nickel  (H.  Dayj);  or  bj  throwing  pieces  of  phosphorus  on  red-hot  nickel 
(Pelletier). — 2.  By  fusing  nickel  with  glacial  phosphoric  acid  and  charcoid 
powder  (Pelletier);  or  from  6  to  8  parts  of  nickel-filings  or  nickel-oxide  in 
a  charcoal  crucible  with  lOpts.  bone-ash,  5  quartz-powder,  and  1  charcoal 
(Berthier). — Silyer-white,  brittle;  exhibits  an  acicular  structure,  according 
to  Pelletier — laminar,  according  to  Lampadius  and  Berthier.  Much  more 
fusible  than  nickel;  not  magnetic.  The  phosphorus  bums  when  the 
compound  is  heated  in  the  air. 

Pelletier.  Lampadius. 

Ni     83        ,        87 

P  17        13 


100        100 


h,  Tripho9phide. — 1.  By  heating  chloride  of  nickel  in  a  current  of 
ipJiosphuretted  hydrogen  gas. — 2.  Similarly,  with  sulphide  of  nickel. — 
Prepared  by  (1);  black,  insoluble  in  hydrochloric  acid,  but  easily  decom- 
posed by  and  dissolyed  in  nitric  acid.  (H.  Rose,  Pagg,  24,  322.) 


p 

88-5 
31-4 

•  ••• 

73-81 
26-19 

H.  Rose 
72-41 
27-59 

Ni'P   

116-9 

•  •«• 

10000 

•  ••• 

100-00 

B.  Hypophosphitb  of  Nickel-oxide,  or  NicKEL-HTPOPHospniTE. — 
The  solution  prepared  like  that  of  the  corresponding  cobalt-salt,  and 
^Taporated  in  vacuo,  yields  less  distinct  green  crystals,  which  appear  to 
be  cubes.  These  crystals,  when  heated  in  a  retort,  give  off  water  at  first 
tind  turn  yellow — then  swell  up  yiolently,  and  give  off  a  gas  which  does 
not  take  fire  spontaneously,  but  blackens  silver-solution  strongly,  and 
bums  with  a  bright  phosphorus-flame  when  set  on  fire — and  finally 
leave  a  residue  of  nickel-phosphate  blackened  by  the  admixture  of  some 
phosphoric  compound,  and  insoluble  in  hydrochloric  acid.  (H.  Rose,  Pogg. 
12,  91.) 

C.  Phosphite  of  Nickel-oxide,  or  Nickel-phosphite. — Terchloride 
'of  phosphorus  dissolved  in  water,  neutralized  by  ammonia,  and  then 
mixed  with  a  neutral  solution  of  chloride  of  nickel,  deposits  this  salt, 
-after  a  while,  in  crystalline  scales.  The  mother-liquid,  which  is  still  some- 
what greenish,  and  likewise  the  greenish  wash-water,  yield  an  additional 
precipitate  when  boiled,  but  still  retain  a  slight  greenish  tint.     The  dried 
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salt  heated  in  a  tetorfc,  is  decomposed  without  visible  combiistion,  and 
yields  water  and  hydrogen  gas  free  from  phosphorus.  (H.  Rose,  Pogg. 
9,  41.) 


D.  Phosphate  of  Nickbl-oxide,  or  Nickel-phosphate. — a,  Tri- 
phosphcUe  ? — Bj  precipitating  a  nickel-salt  with  diphosphate  of  soda.— - 
Pale  apple-green  flakes,  or  emerald-green  crystalline  granules. — By 
ignition  in  hydrogen  gas,  it  is  resolved  into  water  and  phosphide  of 
nickel.  Insoluble  in  water,  but  soluble  in  sulphuric  hydrochloric,  or 
nitric  acid. 

b.  Acid  Phosphate. — Concentrated  phosphoric  acid  exerts  no  action 
on  the  metal,  but  the  dilute  acid,  when  neated,  dissolves  it  with  evolution 
of  hydrogen. 

£.  Pyrophosphate  of  NicKEL-oxiDE.^Analogous  to  the  cobalt* 
salt. 

^  Formed  by  decomposing  sulphate  of  nickel-oxide  with  pyro- 
phosphate of  soda.  Light  green  powder,  yellow  after  ignition.  Dis- 
solves in  mineral  acids,  in  pyrophosphate  of  soda,  and  in  ammonia.  If 
the  nickel  contains  cobalt,  only  the  cobalt-compound  is  precipitated  from 
the  ammoniacal  solution  by  alcohol,  the  nickel-salt  remaining  in  solution, 
— On  dissolving  this  salt  in  sulphurous  acid  and  boiling,  it  is  reprecipitated 
in  the  crystalline  state  ;  if  it  contains  cobalt,  a  crystalline  cobalt-salt  is 
first  thrown  down,  and  afterwards  the  nickel-salt.  The  salt  dried  at  100^ 
gives  off  26*05  per  cent,  of  water  on  ignition. 

Schwanenberg. 

2NiO 7.50        ....        61-23        ....  513 

PO*   71-4         ....        48-77         ....  48-7 

2NiO,*PO*  146;4        Z       100-00        Z        100*0 

Cryttallized.  Schwarzenberg. 

2NiO 75-0        ....        37-42 

PO»  71-4        ....        35-63 

6HO 54-0        ....        26-95        ....        26-05 

2NiO,6PO*  +  6Aq.    2004         Z       10000 

(Schwarzenberg,  Ann.  Pharm.  65,  158.) 

P.  Metaphosphate  of  Nickel-oxide. — Formed  by  mixing  sulphate 
of  nickel-oxide  with  excess  of  dilute  phosphoric  acid,  evajporating,  and 
heating  in  a  platinum  capsule  to  316';  it  is  then  obtained  in  the  form  of 
a  greenish-yellow  powder,  insoluble  in  water  and  dilute  acids,  but  soluble 

in  strong  sulphuric  acid. 

Maddrell. 

NiO 37-5         ....        34-48        ....         34-40 

P0» 71-4         ....         65-52        ....         65-60 

NiO,aPO» 108-9        Z.      10000        Z.      10000 

(Maddrell,  Ann.  Pharm.  61,  58.)  f 


Nickel  akd  Sulphur, 

A.  Bisulphide  op  Nickel. — ^Formed  by  passing  hydrogen  gas  over 
Bulphate  of  niokel-oxide  at  a  red  heat.    Decomposition  takes  place  quickly 
VOL.  V  2  b 
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with  erolaiion  of  sulpbaroas  acid  and  water,  and  finally,  ako  cf  fal* 
phnretted  hydrogen.  100  parts  of  anhydrous  nickel-sulphate  leare  42-28 
of  disulphide  of  nickel. — Pale  yellow,  metallic,  semifused,  brittle;  exhibits 
moderate  magnetic  power. — Dissolves  in  nitric  acid,  leaving  a  residae  of 
snlphur;  slowly  in  strong  hydrochloric  acid,  with  erolation  of  sul- 
phuretted hydrogen  [and  pure  hydrogen],  but  not  in  dilute  hydrochloric 
acid,  even  when  heated.  (Arfvedson,  Pogg.  1,  65.) — To  this  head  probably 
belongs  also  the  yellow-greyish-white,  strongly  lustrous,  very  brittle,  and 
highly  magnetic  sulphide  of  nickel,  which  Berthier  obtained  by  heating 
the  sulphate  to  whiteness  in  a  charcoal  crucible;  its  fracture  was  laminar 
in  one  direction,  but  granular  in  all  others;  100  parts  of  nickel-sulphate 
yielded  only  52  pts.  of  the  sulphide. 

B.  pROTosuLpniDE  OP  NiCKEL. — Found  native  in  the  form  of 
Capillary  Pyrites. — Preparation, — 1.  Nickel  and  sulphur  heated  together 
combine,  producing  vivid  incandescence.  (Proust,  H.  Rose.)  Combination 
lakes  place  below  the  melting  point  of  sulphur.  Nickel-dust  takes  fire 
when  thrown  into  a  glass  tube  an  inch  wide,  filled  with  sulphur  vapour. 
A  mixture  of  nickel-dust  and  milk  of  sulphur  in  equivalent  proportions 
contained  in  a  glass  tube,  takes  fire  when  touched  at  the  upper  end  with 
a  glowing  coal,  and  bums  down  to  the  bottom  of  the  tube.  ( Winkelblech, 
Ann.  Pharm.  20,  36.) — 2.  By  heating  nickel-oxide  with^  sulphur. 
(Tupputi.) — 3.  By  passing  sulphuretted  hydrogen  over  red-hot  nickel- 
oxide,  whereupon  100  parts  of  the  oxide  yields  121 '3  parts  of  sulphide. 
(Arfvedson.)— 4.  By  igniting  hydrated  sulphide  of  nickel  out  of  contact 
of  air.  (Tupputi.) 

By  (1)  and  (2) r  Fused, bronze-yellow,  brittle;  exhibits  an  uneven 
fracture;,  not  magnetic  (Tupputi,  H.  Rose.)  By  (3):  Dark  brown,  non- 
ma^etio  powder,  less  fusible  than  the  disulphide.  (Arfvedson.) — By  igni- 
tion in  the  air,  it  is  converted  into  a  green  mass  (basic  sulphate  of  nickel- 
oxide?).  When  heated  to  redness  m  phosphuretted  hydrogen  ffas,  it  is 
slowly  decomposed,  yielding  phosphide  of  nickel  and  sulphuretted  hydro- 
gen (H.  Rose);  not  decomposed  by  hydrogen  gas  at  a  red  heat.  (H.  Rose, 
Pogg.  4,  129;  Arfvedson.)— Gives  off  but  a  very  small  quantity  of  snl- 
phur when  ignited  in  a  current  of  aa  ueous  rapour.  (Kegnault,  Ann, 
Chim.  Pkys.  62,  380.)  Not  decomposed  by  chlorine  gas  in  the  cold,  and 
very  slowly  even  when  heated.  (H.  Rose,  Pogg.  42,  540.)-^Dissolves  in 
nitric  acid  and  aqna-regia,  the  snlphur  being  partly  separated,  and  partly 
oonverted  into  sulphuric  acid.  Not  soluble  in  hydrochloric  or  snlphuric 
acid. 

CapiUary  pyrites  occurs  in  capillary,  regular  sixHsided  prisms  derived 
from  an  acute  rhombohedron,  whose  &ces  often  terminate  the  prisms. 
Fig.  151  and  154.  Cleavage  parallel  to  the  faces  of  an  acute  rhombo- 
hedron; r*  :r'=35*»  52'.  Sp.  gr.  5-278.  (Miller,  PhU.  Mag.  J.  6,  104; 
20,  378.) .  Double  six-sided  pyramid,  of  specific  gravity  5*00.  (Brei- 
thaupt.)  Sp.  gr.  5*65.  (Rammelsberg.)  Harder  than  calcspar;  brass- 
yellow,  inclining  to  bronze-yellow.  Heated  on  charcoal  before  the  blow- 
pipe, it  gives  off  sulphurous  acid,  and  fuses  into  a  coagulated,  dnetile, 
magnetic  mass  of  nickel  (Berzelius);  into  a  black  bead  (iCobell).  After 
roasting,  it  behaves  with  fluxes  like  oxide  of  nickeU  Dissolves  with 
difficulty  in  nitric  acid,  easily  in  aqua-regia. 
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Aifrod*         &«  Lm« 

beif .  ion*  Da^x.      Proust*      aaigiie. 

Kunsdorf.  native.        artif,       aritf.         artif. 

NL....M.  29*5  ....  64*84  «..<  61*34  ....  64'3&  ....  66  ....  68  ....  70*77 

F6 •••«  •...   1*73 

t^tt  ••••  .•••  ...»   1*14 

S  ...:....  160    ....  35-16    ....  35-79    ....    34*26    ....    34    ....    3*2     ....    29*23 

NiS  ....    45*5     ....  10000     ....  10000     ....     98*61     ....  100    ....  100     ....  100*00 

HydraUd  Protomlphide  of  Nickel^  or  Hydrotulphate  of  Nickel-oxide, 
— Precipitated  on  adding  hydrosulphuric  acid  to  a  nickel-salty  either  con- 
taining a  yegetable  acid,  or  containing  a  mineral  acid  and  perfectly 
aatnrated  with  nickel-oxide;  also  on  mixing  any  salt  of  nickel  vith 
an  alkaline  hydrosulphate. — Brownish-black  powder,  greenish  in  the 
finely  divided  state.  Conyerted  by  ignition  into  sulphide  of  nickel, 
with  erolation  of  snlphorons  acid  gas  [1]  and  a  very  small  quantity  of 
water.  (Tupputi.)  When  exposed  to  the  air  in  the  moist  state,  it  assumes 
a  green  tint,  and  is  converted  into  basic  \X\  sulphate  of  nickel  oxide. 
(Wackenroder.)  From  oadmio  sulphate,  leod-acetate,  ferric  chloride, 
cnpric  sulphate,  and  silver-nitrate,  it  precipitates  the  metals  in  the  form 
of  sulphides.  (Anthon.) — While  yet  moist,  it  dissolves  in  aqueous  sul- 
phurous acid.  (Berthier.)  Dissolves  with  difficulty  in  hydrochloric  acid 
with  evolution  of  sulphuretted  hydrogen,  very  sparingly  in  acetic  acid, 
somewhat  more  abundantly  in  aqueous  ammonia  and  in  alkaline  hydro* 
sulphates,  from  which  it  is  reprecipitated  on  exposure  to  the  air,  or  when 
saturated  with  acetic  acid. 

Hydrated  sulphide  of  nickel  precipitated  from  nickel-salts  by  hydro* 
sulphate  of  ammonia  which  has  become  yellow  by  exposure  to  the  air, 
and  containing  more  than  one  atom  of  sulphur,  remains  black  when 
exposed  to  the  air,  dissolves  very  sparingly  in  dilute  mineral  acids, 
and  is  perfectly  insoluble  in  acetic  acid  and  nydrosulphate  of  ammonia. 
(Wackenroder.; 

C.  Bisulphide  of  Nickel.— By  strongly  igniting  carbonate  of  nickel* 
oxide  with  sulphur  and  carbonate  of  potash,  and  washing  with  water,  a 
bisulphide  of  nickel  is  obtained,  soft  to  the  touch,  and  exnibiting  a  dark 
iron-grey  colour.  Chlorine  gas  quickly  decomposes  it,  the  products  being 
chloride  of  sulphur  and  chloride  of  nickel,  the  latter  amounting  to 
105-78  per  cent.  (Fellenberg,  Fogg.  50,  75.) 

Fellenberg. 

Ni  .,.,. 29*5      ....      47*97 48*72 

2S   32*0      ....      52*03        51*28 

Ni8»    iTs      ....     100-00        ~.      100*00 

D.  HrpoBin>PHiTB  of  Nickbl-oxide^  or  Nickel-htposulphitb.— 
1.  Niekeli  like  zinc,  dissolves  in  aqueous  sulphurous  acid,  without  evolu- 
tion  of  gas,  and  forms  sulphite  and  hyposulphite  c^  nickel-oxide.  The 
green  solution,  when  evaporated,  first  yields  crystals  of  sulphite,  after- 
wards more  yellowish-green  crystals  of  hyposulphite  of  nickel-oxide;  the 
remaining  moUter-liquid  is  resolved  by  heat  into  sulphurous  acid  gas, 
sulphur,  sulphide  of  nickel,  and  sulphate  of  nickel-oxide.  (Fordos  k  Gelis, 
-lV.  J.  Fharm,  4,  333.) — By  precipitating  hyposulphite  of  strontia  with 
sulphate  of  nickel-oxide,  and  evaporating  the  freen  filtrate  over  oil  of 
vitriol,  slight  decomposition  takes  place,  attended  with  precipitation  of 
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sulphide  of  nickel,  and  green,  permanent  crystals  are  obtained^  having 
the  form  of  hyposulphite  of  magnesia.  They  are  converted,  even  below 
lOO'',  into  a  semifluid  mass,  which,  as  the  temperature  rises,  gives  off 
water,  sulphurous  acid,  and  sulphur,  and  leaves  82 '73  per  cent,  of  nickel- 
sulphide  in  the  form  of  a  yellow,  agglomerated  mass.  (Rammelisberg,  Foggm 
56,  306.) 

Cryttalliztd,  Rammelsberg. 

NiO 37-5        ....        26-88        ....        26-5 

S»0»    48-0        ....        34-41 

6HO   54*0        ....         387t  

NiO,8H)»+6Aq 139-5         Z.       1000 

E.  Sulphite  op  Nickel-oxide,  or  Nickel-sulphite.— a.  Batic, — 
Precipitated  on  boiling  a  nickel-salt  with  sulphite  of  potash;  becomes 
more  basic  during  washing.  (Berthier.) — According  to  Bbttinger  (Ann, 
Pharm,  51,  406),  the  precipitates  obtained  by  boiling  nickel-salts  with 
sulphite  of  ammonia  always  contain  ammonia. 

h.  MonostUphite. — The  crystals  which  separate  from  a  solution  of 
nickel  in  aqueous  sulphurous  acid  (yid,  sup).  When  strongly  ignited, 
they  leave  a  residue  of  30*48  per  cent.  In  the  state  of  aqueous  solution, 
they  take  up  101*85  parts  of  iodine.  (Fordos  &  Gelis.) 

CryHalliged:  Caleuiaiion,  aocordiag  to  Fordos  &  G^is. 

NiO 37-5         ....        30-36 

803  320         ....        25-91 

6HO     54-0        ....        43-73 

NiO,  SO«  +  6Aq 1235         ....       100-00 

IT  When  sulphurous  acid  gas  is  passed  through  water  in  which  a  large 
quantity  of  hydrated  nickel-oxide  is  suspended,  the  whole  dissolves,  and 
the  solution  yields  a  small  quantity  of  a  crystalline  powder,  which  is  no 
longer  soluble  in  water,  but  dissolves  in  hydrochloric  acid,  with  evolution 
of  sulphurous  acid.     It  contains  4  atoms  of  water. 

MwpntL 

NiO 37-6        ....        35-56        ....        35-52 

SO* 32-0        ....        30-33        ....        3015 

4HO    360        ....        3412         ....        3433 

NiO,80»  +  4Aq.       105-5         ~       100^00        Z       100-00 

The  liquid  filtered  from  this  salt,  when  placed  for  some  days  in  vacuo 
over  sulphuric  acid,  yielded  very  fine  tetrahedral  crystals  of  the  preceding 
salt,  with  6  atoms  ot  water.  (Muspratt,  Ann.  Pkarm,  50,  281.)  IT 

F.  Hyposulphate  of  Nickel-oxide,  or  Nickel-hyposulphatb.*- 
By  decomposing  hyposulphate  of  baryta  with  sulphate  of  nickel-oxide,  and 
evaporating  the  filtrate,  long  green  prisms  are  obtained,  which  are  resolved 
by  heat  into  sulphurous  acid  gas  and  sulphate  of  nickel-oxide.  (Ram- 
melsberg,  Pogg.  56,  295.) 

RammelBbarg* 

NiO    37-5      ....      22-93        22-02 

S«0*    720      ....       4404 

6HO   540       ....      3303 

NiO,8»0*  +  6Aq.   163-5      ....     lOO'OO 
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G.  Sulphate  op  Nickel-oxide,  or  Nickel-sulphate. — a,  Basic. — 

I.  Bj  gently-  igniting  the  salt  i.  (Tupputi.) — 2.  By  precipitating  the 
a4Qeon8  solution  of  b,  with  an  insafficient  quantity  of  a  fixed  alkali. 
(Berzelius.) — When  obtained  by  the  second  method,  it  is  a  green  powder 
yety  slightly  soluble  in  water^  and  exhibiting  an  alkaline  re-action. 
(Berzelius.) 

&.  ManosuIphcUe. — Formed  by  dissolving  nickel,  or  the  protoxide^  or 
the  carbonate,  in  dilute  sulphuric  acid. — The  salt  de-hydrated  by  gentle 
heat  is  of  a  light  yellow  colour.  At  a  higher  temperature,  it  gives  off  part 
of  its  acid,  and  is  reduced  without  fusion  to  a;  at  a  red  heat,  nearly  all  the 
acid  is  evolved.  Heated  to  dull  redness  with  charcoal,  it  gives  off  carbonic 
and  sulphurous  acid  gases  in  equal  volumes,  and  leaves  metallic  nickel 
together  with  a  very  small  quantity  of  sulphide  (6ay-Lussac,  </.  pr.  Ckem. 

II,  68): 

NiO,  SOS  +  C  =  Ni  +  S02  +  C02. 

Turns  green  on  exposure  to  damp  air.  The  aqueons  solution  deposits 
hydrated,  transparent,  emerald-green  crystals,  of  two  different  forms, 
first  form:  Right  prismatic,  precisely  similar  to  tho  form  of  zinc- vitriol. 
Fig.  73;  w'  :  tt  =  91°  10'.  Cleavage  parallel  to  u  and  u'.  (Brooke.) — 
Second  form:  Square  prismatic.  Fig.  37;  c  :  «'=:  139**  17^'  (Mitscher- 
lich,  Fogg.  12,  144);  f?  :  «  =  126*»  24';  p  :  i?  =  110^  40';  p  :  the  jac^ 
hetween  e  and  e'  =  117°  37'.  Cleavage  parallel  to  p  and  q.  (Brooke.)  The 
second  form  is  obtained  chiefly  from  the  mother-liquid  containing  excess 
of  acid;  and  on  dissolving  these  crystals  in  pure  water  and  concentrating, 
crystals  of  the  first  form  are  obtained.  On  the  other  hand,  when  the 
rhombic  crystals  are  dissolved  in  water  containing  half  their  weight  of 
oil  of  yitriol,  and  the  solution  evaporated  between  15"^  and  18°,  rhombic 
crystals  are  first  obtained,  and  afterwards  those  of  the  square  prismatic 
form.  The  rhombic  crystals,  when  exposed  to  the  air,  lose  about  1  atom 
of  water;  the  square  prismatic  crystals,  in  which  a  certain  portion  of  the 
water  is  replaced  by  sulphuric  acid,  do  not  give  off  water  on  mere 
exposure  to  the  air.  (Brooke  k  R.  Phillips,  Ann.  Phil.  22,  437;  abstr. 
Fogg.  6,  193;  R.  Phillips,  Fhil.  Mag.  Ann.  4,  288.) — A  warm  solution 
yields  principally  the  square  prismatic  crystals.  The  rhombic  crystals 
placed  on  paper  and  exposed  to  the  sun  for  two  or  three  days,  are  converted 
into  an  aggregate  of  square-based  octohedrons,  retaining,  however,  their 
water  and  their  external  form.  (Mitscherlich.) 

The  crystals  [probably  the  rhombic]  have  a  density  of  2*037  (Kopp); 
they  taste  rough.  When  exposed  to  the  air,  they  turn  white  from  slight 
efflorescence.  At  103*3°,  they  give  off  6  atoms  of  water,  but  retain  the 
seventh  till  they  are  heated  above  279*4°.  (Graham.)  They  dissolve  in 
3  parts  of  cold  water,  but  are  insoluble  in  alcohol  and  ether.  Glacial 
acetic  acid  precipitates  the  salt  completely  from  its  aqueous  solution. 
(Persoz.) 

Anhydrwu.  Berthier.  Tupputi. 

NiO 37*5      ....      48*39        47*8        ....        46*6 

S0» 400      ....      51'61         62-2        ....        53'4 

NiO,SO» TVi      ....     100-00        ~.      1000        Z       100-0 

Crystallized.  Tupputi. 

NiO 37-5       ....       26-69         25-63 

SO' 40-0       ....       28-47         29*37 

7HO   63-0       ....       44-84         45-00 

NiO,SO»+7Aq.-  ...4....       140-5       ....     lOO'OO         100*00 
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R.  Phillips.  Mitawhwlielu                  Hmmfoii. 

rhomb,     $g,  pritm,     rhomk  #f .  p.  «•            h,            rJkomim 

NiO ♦ 26-30    ....    26-21         -,..  /             ....                ....    24*64 

S0» 2816    ....    300J  ••     ^*  *  "••    130-U    ....    2988    ....    29-20 

7HQ 45-54    ....    43-8  ....     45'6    .... mm ....    4599 

NiO,SO»+7Aq.    10000     ....  1000  ..^    1000    ....  Z  ....     99*83 

The  sanare  prismatio  salt  a.  examined  by  Mitsoherlicli,  was  obtained  by 
crystallization  from  a  warm  solution ;  b,,  by  e:i(posing  the  rhombic  salt  to 
the  sun. 

When  hydrochloric  acid  gas  is  passed  oyer  (anhydrous?)  nickel* 
snlphate,  2  atoms  of  the  salt  absorb  1  atom  of  hydrochloric  acid,  the 
absorption  being  attended  with  rise  of  temperature.  The  absorbed  acid 
is  immediately  giyen  off  on  the  application  of  heat,  and  gradually  on 
exposure  to  the  air ;  and  the  aqueous  solution  yields  crystals  of  pure 
nickel-sulphate,  the  hydrochloric  acid  remaining  in  the  mother-liquid. 
(Kane^  Ann,  Fharm.  l&,  5.) 

H.  SuLPHOOABBONATB  OF  NiOKBL.^Niokel-salts  form,  with  aqueous 
8ulpbooarbonat9  of  calcium,  a  dark  brown-red  mixture^  wbioh,  in  the 
oourse  of  24  bourvj  deposits  black  flakes  and  becomes  brownish-yeUow, 
(Berielius.) 

Nio&BL  AKD  Selenium. 

A.    SbLENITB    of    NlCKBIrOXIDB,    OF    NlCKBIrSBLBNITE.  —  a.  JioHih 

$deniie,-^Bj  double  deoompositio&.  Insoluble  in  water,  white  when 
moist,  but  becomes  apple-green  when  dry.  (Benelins.)  %  Aocording  to 
Huspratt,  on  the  oontrary,  it  falls  as  a  greeni^-powder,  on  adding  selenite 
of  potash  to  sulphate  of  nickel-oxide,  and  becomes  white  when  dried. 

Mnipntt. 

NiO 37-5      ....      36-59 

ScO» 56-0       ....       54-63 

HO   90       ...        8-78        9*17 


^ww..^— "^"^ 


NiO,SeO»+Aq 1025      ....     10000 

(Chmn.  Soc.  Qu.  J.  64.)  IT 

h.  ^iae^iofo.-— Green,  gummy  mass^  soluble  in  water. 

B.  Seleniatb  of  Niokbl-oxide,  or  Nickel-sbleniatb. — Crystala 
Isomorphous  with  those  of  nickel -sulphate,  form  2,  and  with  those  of 
sino-selenite.  Fig.  37,  e  :  e'=138*»  be:-,  e  :  (f'=97*  4';  p  :  ^=110**  32'; 
q  :  $'=90°;  e :  y=131°  2S;  p:  the  face  between  e  and  ^=117*  54  J';  p  :  *= 
126^  50',  &c.  (Mitscherlich,  Fogg.  12,  124.) 

Nickel  and  Iodinb. 

A.  loDiBB  OF  Nickel. — 1.  Pulyerulent  nickel  reduced  by  hydrogen^ 
is  heated  with  iodine  in  a  glass  tube,  or  yapour  of  iodine  is  passed  oyer 
it.  When  the  resulting  iron-black,  laminated  mixture  of  nickel-iodide, 
metallic  nickel,  and  nickel-oxide  (the  last  produced  by  excess  of  air),  is 
strongly  ignited,  pure  iodjde  of  nickel  ««blimes,    Nickel  in  the  coherent 
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state  has  no  sensible  action  on  iodine,  even  with  the  aid  of  heat. — 2.  The 
solution  of  nickel-oxide  in  aqueons  hjdriodio  acid^  leaves  on  evaporation 
a  black,  metal-shining  residue,  which,  when  ignited  out  of  contact  of  air, 
sublimes  without  fusion  or  decomposition. 

The  sublimed  iodide  of  nickel  obtained  by  (1)  and  (2),  presents  the 
appearance  of  strongly  lustrous,  iron-black  lamin»,  resembling  mica,  and 
unctuous  to  the  toucL — ^If  the  air  has  access  to  it  during  sublimation,  a 
small  quantity  of  grey-green  oxide,  free  from  iodine,  is  left  behind. 
(Erdmann.)  Lassaigne,  by  heating  nickel  with  iodine,  obtained  a  brewn, 
fusible  mass  which  dissolved  in  water,  forming  a  green  solution. 


Ni 

I 

29-5 
...       1260 

....      81-03 

18-56 
81-44 

•  •  •■ 

•  ■•• 

LaiflaigD 

23-81 

7619 

Nil    

...       155-5 

....     100-00 

100-00 

•  ••• 

10000 

Hydra  TED  Iodide  of  Nickel,  or  Hydrate  of  Nickel-oxide. — 
Iodide  of  nickel  soon  becomes  moist  in  the  air,  and  forms  a  red-brown 
solution  with  a  small  quantity  of  water,  and  a  green  solution  with  a 
larger  quantity.  -  This  solution  evaporated  to  a  sy^up,  yields  bluish- 
greea  prisms,  which  quickly  deliquesce  in  the  air.  The  aqueous  solution 
is  capable  of  dissolving  a  large  quantity  of  iodine  (thereby  becoming 
broirn),  and  the  iodine  is  given  off  again  on  boiling.  (Erdniann,  «7.  pr, 
Ckm.  7,  254.) 

Cryttallized,  Erdmann  {<q>proximate.) 

Nil 155-5       74-22  72-82 

6H0   '    54-0       25-78  27-18 

Nil  +  6Aq 209*5       100-00  100-00      ' 

The  crystals  examined  by  Erdmann  had  still  some  mother-liquid  adher- 
ing to  them. 

B.  Hydratbd  Oxy-iodide  of  Nickel,  or  Terbasio  Hydriodate 
op  NiCKEirOxiDE  1 — 1.  Whou  a  considerable  quantity  of  aqueous  nickel- 
oxide  is  evaporated  to  dryness,  and  the  residue  treated  with  water,  a 
small  quantity  of  this  compound  remains  undissolved  in  the  form  of  a 
red-brown  powder.  It  often  happens,  however,  that  part  of  this  residue 
is  redissolved,  together  with  the  iodide  of  nickel,  so  that  the  solution 
appears  brownish-green  instead  of  pure  green,  smells  of  iodine,  gives  a 
blue  colour  with  starch,  and  evolves  iodine  when  evaporated. — 2.  Hydrate 
of  nickel-oxide  digested  with  aqueous  iodide  of  nickel,  takes  up  the  iodide 
.of  nickel,  and  assumes  a  brown-red  colour. — 8.  Similarly  with  carbonate  of 
nickel-oxide,  which  thereupon  gives  off  carbonic  acid.---4.  The  compound 
is  likewise  formed  by  triturating  hydrated  nickel-oxide  with  an  alcoholic 
solution  of  iodine. — ^When  it  is  prepared  by  2,  3,  or  4,  a  certain  quantity 
of  hydrate  or  carbonate  of  nickel-oxide  remains  mixed  with  it,  even  if  an 
excess  of  aqueous  iodide  of  nickel  or  tincture  of  iodine  has  been  used. — 
The  red-brown  powder  is  decomposed  at  a  red  heat,  yielding  vapour  of 
iodine,  vapour  of  water,  and  pure  oxide  of  nickel.  It  dissolves  in  nitric 
acid,  with  evolution  of  iodine.  Boiling  potash  extracts  the  whole  of  the 
iodine,  leaving  a  dingy  green  residue  of  hydrated  oxide.  When  immersed 
in  aqueous  ammonia,  it  assumes  a  dingy  green  colour  without  dissolving 
to  any  perceptible  extent;  but  the  ammonia  takes  up  iodine,  and  assumes 
a  blue  colour.    Boiling  alcohol  converts  it  into  ^reen  hydrated  oxide. 
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In  acetic  acid  it  forms  a  yellowish-green  solation;  with  boiling  aqueooa 
oxalic  acid^  it  yields  oxalate  of  nickel-oxide.  (Brdmann.) 


Nil  

9NiO    

15HO  

155-5 

337-5 

1350 

•  ••• 

•  ••• 

■  •  • » 

24-76 
53-74 
21-50 

•••• 

Erdmnm  (2.) 

23-17    to    24-9 
52-80    „     54-7 
24-00     „     20-4 

Na,9NiO  +  15Aq.        6280      ....     100-00        ....        99*97     „    lOO'O 
C.   lODATB  OP  NlCKEXi-OXIDB,   or  NiCKBL-IODATB.— lodatO  of  potB«fc 

ffives  no  precipitate  with  nickel-salts.  (Pleischl.)— The  salt  is  formed  bv 
dissolving  recently  precipitated  nickel-hydrate  in  aqueous  hydriodic  «^^» 
and  afterwards  evaporating  and  cooling. — Light  green  crystalline  powcer, 
which  gives  off  its  water  at  100°,  and  at  higher  temperatures  evdjes 
iodine  vapour  and  oxygen  gas,  and  leaves  pure  oxide  of  nickel.  It  dis- 
solves in  120-3  parts  of  water  at  15^  and  in  77*35  pts.  of  boiling  w*ter^ 
(Raromelsberg,  Fog^.  44,  562.) 

CnfMtaUhu  powdtr,  RammdBberg. 

NiO    37-5      ....      17-65        ........        17-88 

IO» 1660      ....      78-12        7801 

HO 9-0      ....        4-23        4-11 

NiO,10*-l-A^.   212*5      »...    100-00        ZZ      100-00 


NicKEii  AND  Bromine. 

A.  Bbomidb  of  Nickbl.— Nickel-filings  heated  to  dull  redness  absorb 
bromine  vapour,  and  turn  brownish ;  at  a  stronger  heat^  the  compound 
assumes  an  appearance  like  that  of  mosaic  gold,  and  at  a  yery  bright  red 
heat,  it  partly  sublimes  in  yellow  micaceous  scales. — Bromide  of  nickel 
heated  io  bright  redness  in  the  air,  is  resolved  into  bromine  vapour  and 
oxide  of  nicKel.  Heated  nitric  acid  decomposes  it,  and  on  evaporatiiiff 
the  solution  and  igniting  the  residue,  oxide  of  nickel  is  left  behind. 
(Berthemot,  Ann.  Chim.  FhyB.  44,  389;  also  J.  Pharm.  16,  655.) 

Berthemot. 

Ni    29-5      ....      27-34        27-09 

Br  78-4      ....      72-66        72-91 

NiBr  107-9      ....     100-00        lOO'OO 

HydraUd  Bromide  of  Nickel,  or  Hydrolmmate  of  Nickelroxide, — 
I.  Bromide  of  nickel  deliquesces  in  the  air  and  dissolves  in  water;  more 
slowly,  however,  after  sublimation. — 2.  The  hydrated  bromide  may  also 
be  formed  by  digesting  nickel  with  bromine  and  water.  (Berthemot.)-— 
The  resulting  green  solution  turns  brownish  on  evaporation,  and  yields 
small,  dirty-white,  very  deliquescent  needles.  (Berthemot)  The  crystals 
have  the  same  green  colour  as  other  salts  of  nickel — ^give  off  water  and 
turn  yellow  when  placed  within  a  receiver  over  oil  of  vitriol,  and  at 
200°,  gradually  give  off  20  15  per  cent,  of  water.  (Rammelsberg,  Pogg. 
55y  243.) — The  aqueous  solation,  when  exposed  to  the  air,  gradually 
deposits  a  few  flakes  of  nickel-oxide;  on  evaporation^  it  leaves  reddish 
bromide  of  nickel.  (Berthemot.) 
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Cry9talHztd,  Rftmmeliberg* 

NiBr  ^      107-9      ....      7998        79-85 

3HO   27-0       ....       20-02        20-15 

NiBr  +  3Aq 1349      ....     10000        ~ZZ.      10000 

Bromide  of  nickel  diBsolres  in  hydrochlorio  acidi  ammonia^  alcohol,  and 
ether.  (Berthemot.) 

B.  Bromidb  of  Nickbl*oxidb,  or  NicKBL-BROMATE.~-Fonued  bj 
precipitating  sulphate  of  nickel-oxide  with  bromate  of  baryta,  and 
evaporating  the  filtrate  under  a  bell-jar  beside  oil  of  vitriol.— Beautiful 
regular  octohedrons. — The  crystals  when  heated,  first  give  ofif  water,  then 
decompose  with  violence,  evolving  bromine  and  oxygen  gas,  and  leave 
16*47  per  cent,  of  nickel-oxide.  They  dissolve  in  3*58  parts  of  cold 
water.  (Rammelsberg,  Foyg,  55,  69.) 

Anhydrauf.  Cry^iaUUed,  Rammelsberg. 

NiO  37-5    ....    24-05  NiO 37-5     ....     17-86      ....      16-47 

BrO* 118-4     ....     75-95  BrO»   ....  1184     ....     56-41 

6HO    ....       54  0    ....     2573 

NiO,BrO«....  155-9    ....  10000  +6Aq.       209-9    ....  10000 


NiCKBL  AND  ChLOBINB. 

A.  Chloribb  op  Nickel.— 1.  Finely  divided  nickel  heated  to  low  red- 
ness in  a  stream  of  chlorine,  bums  with  a  vivid  glow,  and  forms  yellow, 
erystalline  scales  resembling  mosaic  gold.  (H.  Rose,  Fogg.  20,  156.) 
Chloride  of  nickel,  sublimed  for  the  most  part,  is  likewise  formed,  together 
with  chloride  of  sulphur,  on  decomposing  sulphide  of  nickel  with  chlorine 
gas.  (Fellenberg.) — 2.  By  evaporating  the  aqueous  solution  of  chloride 
of  nickel  or  hydrochlorate  of  nickel-oxide,  to  complete  dryness.  (ProustS 
The  chloride  of  nickel  thus  obtained  by  evaporation,  may  be  convertea 
into  the  sublimed  chloride  by  ignition  in  a  retort.  A  small  quantity  of 
chlorine  is  evolved  during  this  operation,  being  set  free  by  the  oxygen  of 
the  air.  The  spanffles  of  the  chloride  fly  about  in  the  retort  as  they  rise. 
If  the  heat  be  contmned  for  some  time,  the  whole  of  the  chloride  sub* 
limes;  but  if  it  be  applied  for  a  shorter  time  only,  part  of  the  chloride 
remains  at  the  bottom,  in  a  mass  resembling  mosaic  gold,  containing 
numerous  small  crystals,  and  grey  nodules  of  nickel-oxide  on  the  sides. 
(Erdmann.) 

Sublimed  chloride  of  nickel  presents  the  appearance  of  soft  crystalline 
scales,  which  feel  like  mica,  are  of  a  pale  yellow  when  separate,  but 
appear  golden-yellow  in  the  mass.  (Proust,  Bucholz,  Erdmann,  Fellen- 
berg.) The  chloride  obtained  by  evaporation  is  a  brownish-yellow, 
earthy  mass.  (Proust,  Erdmann.) — Chloride  of  nickel  may  be  repeatedly 
sublimed  without  fusing.  In  vacuo,  the  sublimation  takes  places  alto- 
gether without  decomposition;  but  when  the  compound  is  sublimed  in 
vessels  containing  air,  a  small  quantity  of  chlorine  is  set  free,  and  small 
grey  nodules  of  nickel-oxide  are  formed  on  the  sides  of  the  vessel. 
(Erdmann.)  Hence,  by  continued  gentle  ignition  in  the  air,  chloride  of 
nickel  is  converted  into  a  greyish-green  powder  of  nickel-oxide  free  from 
chlorine.  (Erdmann.)  Chloride  of  nickel  is  very  easily  reduced  to  the 
metallic  state  by  hydrogen  gas  at  high  temperatures;  by  phosphoietted 
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hydrogen  it  10  deeomposed  as  easily  as  cUoride  of  copper,  yielding  plios- 
pbide  of  nickel  and  hydrochloric  add  eas ;  by  fusion  with  phosphomSy  it 
yields  phosphide  of  nickel  and  chloride  of  phosphoms.  (H.  Rose^  ^<>99' 
27,  117.)  Sublimed  chloride  of  nickel  is  converted  into  the  h^diated 
oxide  by  boiling  with  caustic  potash;  but  it  requires  long  boiling  to 
render  the  conyersion  complete.  Ammonia^  even  when  the  air  is  com- 
pletely excluded,  dissolves  it  slowly  but  completely,  forming  a  blue  sola* 
tion.  (Erdmann.)  A  few  observations  not  perfectly  correct,  made  by 
Bucholz,  induced  him  to  believe  that  sublimed  chloride  of  nickel  contains 
less  chlorine  than  that  obtained  by  evaporation.  Lassaigne,  on  the  other 
hand,  concludes  from  his  own  analysis,  that  the  sublimed  chloride  con- 
tains more  than  1  At.  chlorine  to  1  At.  nickel.  Both  these  views  are 
disproved  by  the  above-mentioned  observations  of  Erdmann,  and  by  the 
following  analyses  made  by  that  chemist : 


Erdmann.               Berthier. 

La 

oaaigne. 

■ 

Sublimed.  By  tviigitoration. 

Sub. 

Byetmp^ 

N! 

29-5  ....     45-45 

;...     45-25     ....     45-33     ....     45-3     .... 

33-33 

....     52-63 

CI 

35-4  ....     54*55 

....     54-75     ....    54-67    ....     54-7     .... 

66-67 

....     47-37 

NiCl... 

64-9  ....  100-00 

....  100-00     ....  10000    .... -100-0    .... 

100-00 

...  100-00 

HydraUd  Chloride  of  Nickel^  or  HydrockUyraie  of  N'ickeUoxide.'^ 
1.  Chloride  of  nickel  obtained  by  evaporation  quickly  attracts  water  from 
the  air,  acquiring  first  .a  lemon-yellow,  and  then  a  green  colour ;  it  dis- 
solves in  water  with  considerable  rise  of  temperature.     If  the  evaporadon 
•has  been  carried  too  fsur,  flakes  of  nidaUizide  remain  dissolved.  (Erd- 
mann.)   Snblimed  chloride  of  nickel  becomes  light  green  by  two  days' 
exposure  to  the  air,  and  afterwards  dissolves  reiMlily  in  water.  (Proost, 
H.  Rose.)     But  if  it  has  not  been  exposed  to  the  air,  it  dissolves  very 
slowly  (Fellenberg),  and  onl^  when  boiled  for  a  long  time  in  the  water  : 
even  hot  hydrochloric  acid  dissolves  it  with  difficulty.  (Proust.) — 2.  The 
same  liquidf  is  produced  by  dissolving  nickel  in  aquarregia  (hydrochloric 
acid  dissolves  it  very  slowly),  or  the  oxide,  hydrate,  or  carbonate  in  hydro- 
chloric acid,  to  saturation.     The  solution,  evaporated  and  cooled,  yields 
ffranular,  gzass-green  crystals— apparently  short,  fourniided  prisms — which 
deliquesce  or  effloresce  very  slightly  in  the  air,  according  to  the  quantity 
of  moisture  contained  in  it,  and  dissolve  in  1^  pt.  or  2  pts.  of  cold  water, 
and  likewise  in  alcoboL    (Tnpputi.)     The  solution  is  decomposed  by 
hypochlorous  acid,  yielding  chlorine  gas  and  a  precipitate  of  peroxide. 
(Balard.) 

Cfrysiallized.  Proxitt. 

Nia 64-9      ....      44-48        45 

gHQ    81-0      ....       55-52         55 

NiCl  +  9Aq 145*9       ....     10000        ZZ       lOO" 

B.  Htdr^tbd  OxTOHLORfDB  OP  NicKEL,  or  Basic  Hydrochlorats 
OP  NicKEirOxiBB.— Sparingly  soluble  in  water;  turns  reddened  litmoa- 
paper  blue.  (Benelius.) 

IT  C.  Chloratb  OP  NicKEirOxiDB.— NiO,C10»+eAq.— CrvBtollixes 
in  beautiful  regular  octohedrons,  of  a  deep  green  colour.  Deliquescent, 
soluble  m  alcohol.  Resolved  by  heat  into  chlorine,  oxygen,  and  a  residue 
Of  oxide  with  dilonde  of  nickel :  at  a  strong  red  heat,  pure  oxide  of 
juckel  remains  behind.  (Waohter,  Ann.  Fluxrm.  52,  233.)  IT 
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Nickel  and  Flvobinb* 

The  Fluoride  and  OxK/tuorid$^  <^  Siekd  ezbibit  obanoiera  eimilar  to 
tbos9  of  the  oorresponding  oobalt-6altB|  excepting  that  they  are  pale  green 
inst««d  of  red*  (Berselius.) 


NiOKSli  AND  NlTROOBN. 

A.  NUride  of  Nickd^ — A  greasy  nickel  compound  may  be  obtiuned 
b^  a  process  similar  to  that  described  for  the  preparation  of  nitride  of 
zinc  (p.  33), 

B.  Nitrate  of  Nickbl-oxibb,  or  NicEEirNiTRATE. — a.  Bcmc  saU,^-^ 
Formed  by  beating  the  mononitrate  to  a  certain  point.  Yellowish-green 
powder^  insolnble  in  water.  Contains  88  parts  of  nickel-oxide  to  12 
acid.  (Proust.) 

i,  Mononitrate.-^-^he  metal  dissolves  quickly  in  nitric  acid,  with  rise 
of  temperature  and  evolution  of  nitrous  gas.  The  dehydrated  salt  is 
yellow.  When  heated,  it  is  first  converted  into  the  basic  salt;  then, 
according  to  Proust,  into  protoxide  of  nickel,  or,  according  to  Berzelius, 
into  peroxide,  if  only  gently  heated.  In  combination  with  water,  it 
forms  emerald-green,  octagonal  prisms  (Tupputi),  or  rhomboidal  crystals 
(Bergman),  which  give  off  their  water  when  heated,  effloresce  slightly  or 
deliquesce  rapidly  m  the  air,  according  to  the  qnantity  of  moisture  con- 
tained in  it,  ana  are  soluble  in  2  parts  of  cold  water,  and  likewise  in 
alcohol.  (Tupputi.) 

CfryttalHsed, 
Ahhydnnu.  Caltuiatian,  according  to  MOloii,       Proustt 

NiO 37-5     ....     40-98  NiO 37-5       ....       2578        ....        25 

N0» 540    ..,.    59-02  NO* 54-0      ....      37-11        ....        55 

6H0   ....      540      ....      3711        ....        20 

NiO,NO     91*5     ....  100-00  -l-6Aq.        145*5      ....     100*00        ....      100 

C.  NicooLATB  OF  Ammonia. — Aqueous  ammonia  dissolves  the  anhy- 
drous oxide  very  slowly;  the  hydrated  peroxide  somewhat  more  quickly, 
with  evolution  of  nitrogen  gas;  and  the  hydrated  protoxide  very  quickly, 
leaving,  however,  a  few  green  flakes.  The  liquid  is  violet-blue  if  the 
ammonia  is  in  excess,  lavender-blue  if  it  contains  a  larger  quantity  of 
nickel,  and  axure-blae  when  completely  satniated.  On  the  application 
of  heat,  it  is  decomposed,  with  evolution  of  ammonia,  and  deposits 
hydrated  nickel-oxide  in  crystalline  grains.  When  exposed  to  the  air,  it 
deposits  green  flakes  of  carbonate  of  nickel-oxide  and  ammonia  with 
excess  of  nickel-oxide,  till  the  liquid  thereby  loses  the  whole  of  the 
nickel  contained  in  it,  and  becomes  completely  decoloriied.  If,  however, 
one  of  the  stronger  acids  is  present,  the  nickel  remains  dissolved  in  the 
form  of  a  double  salt.  (Tupputi.)  The  fixed  alkalis  added  to  the  solu- 
tion throw  down  a  compound  of  niokel-oxide  with  the  fixed  alkali. 


D.  Cabbonatb  of  NicKBii-oxn>B  and  AimoNiA. — a.  With  excess  of 
carbonate  <^  ammonia, — Carbonate  of  nickel-oxide  dissolves  in  aqueous 
earbonato  of  amniOBi^  forming  a  grewib-blae  sglatioiL 
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b.  With  excUB  of  Niekel^arhonate. — Deposited  in  the  form  of  pale 
green,  insoluble  flakes,  when  aqneous  nlocolate  of  ammonia,  or  the  liquid 
a  juat  mentioned,  is  exposed  to  the  air.  (Tupputi.) 

E.  Phosphate  op  Nickel-oxide  and  Ammonia. — The  ammoniacal 
solution  of  nickel-phosphate,  boiled  as  long  as  ammonia  is  giren  off^ 
deposits  pale  apple-green  flakes,  which  contain  nickel-oxide  and  ammonia:^ 
together  with  phosphoric  acid.  (Tupputi.)  Alcohol  added  to  the  solution 
of  nickel-phosphate  in  ammonia  precipitates  a  light  bluish-green  powder, 
likewise  containing  ammonia ;  and  if  the  alcohol  be  placed  in  a  layer 
aboye  the  ammoniacal  solution,  the  precipitate  assumes  the  form  of  crys- 
talline grains.  (Erdmann.)  The  ammoniacal  solution  of  metaphosphate 
of  nickel-oxide  exposed  to  the  air,  deposits  all  the  nickel,  flrst  as  a  greyishy 
afterwards  as  a  fine  green  precipitate.  (Persoz,  Ann,  Chim,  Fhys,  56, 
3330 

F.  Hydbosulphatb  op  Nickel-oxidb  and  Ammonia.*— Hydrated 
sulphide  of  nickel  dissolves  sparingly  in  ammonia  and  hydrosulphate  of 
ammonia,  forming  a  yellowish-brown  solution. 

G.  Ammonio -hyposulphite  of  Nickel-oxide. — A  concentrated 
solution  of  nickel-hyposulphite  is  supersaturated  with  ammonia;  the  blue 
liquid  mixed  with  absolute  alcohol ;  and  the  resulting  blue  crystalline 
powder  washed  with  alcohol,  pressed  between  paper,  and  quickly  enclosed 
m  well-stopped  bottles.  It  soon  turns  green  when  exposed  to  the  air« 
(Rammelsberg,  Pc^ff,  56,  306.) 

Rammelsber^, 

2NH» 34-0      ....       19-59        21-98 

NiO    37-5       ....       21-62        21*27 

SHy    48-0      ....      27-67 

6HO  54-0       ....       31-12 

2NH»  +  NiO,  S«0»  +  6Aq 1735       ....     lOO'OO 

H.  Ahmonio-hyposulphate  op  Nickel-oxide. — On  mixing  the 
aqueous  solotion  of  nickel-hyposulphate  with  ammonia,  this  salt  is  preci- 
pitated in  the  form  of  a  blue  crystalline  powder,  which,  by  solution  in 
warm  ammonia  and  cooling,  may  be  obtained  in  purer  crystals.  Small 
prisms  of  a  fine  violet-blue  colour,  reduced  to  laminae  by  the  predomi- 
nance of  two  of  the  lateral  faces.  When  heated  in  a  tube,  it  first  gives 
ofi*  ammonia,  then  sulphite  and  sulphate  of  ammonia,  and  leaves  a  partly 
yellow,  partly  black  mixture  of  sulphide  of  nickel  and  sulphate  of 
nickel-oxide.  Decomposed  by  water,  with  evolution  of  ammonia  and 
precipitation  of  nickel-oxide.  (Rammelsberg,  Po^ff.  58,  295.) 

Rammelsberg. 

3NH» 51-0      ....      31-78        30-09 

NiO     37-5       ....       23-36        23-36 

fflO*   72-0      ....      44-86 

3NH' +  NiO,  S»0» 160-5      ....     10000  " 

I.  Ammonio  -  SULPHATE  OF  NicKEL-oxiDE.  —  Anhydrous  nickel- 
sulphate  absorbs  65*91  per  cent,  of  ammonia,  very  rapidly,  with  great 
rise  of  temperature  and  considerable  intumescence,  and  is  thereby  con- 
verted into  a  pale  violet-white  powder.  Any  water  that  may  be  present 
is  driven  out  in  the  course  of  the  absorption,  probably  in  consequenoe  of 
the  rise  of  temperature.     The  powder,  when  modenttely  heated^  gives  off 
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ft  Targe  quafitity  of  ammonia,  together  with  small  quantities  of  water  and 
sulphite  of  ammonia;  and  the  yellow  residue  dissolves  in  water,  with  the 
exception  of  some  reduced  nickel,  which  remains  in  the  form  of  a  black 
powder.  After  sudden  heating,  the  residue  is  blackened  in  some  places 
by  the  presence  of  reduced  nickel.  The  powder  dissolves  in  water, 
forming  a  blue  solution,  with  separation  of  green  hydrated  oxide  of  nickel* 
(H.  Rose,  Pogg.  20, 151.) 

H.  Roie. 

3NH» 510      ....      39-69        3973 

NiO,SO»    77-5       ....       60-31         6027 

3NH»  +  NiO,SO»  128*5      ....     100*00        ZZ.      100*00 

K.  NioooLo-suLPHATB  OF  Ammonia. — The  dark  blue  solution  of  czys^ 
tallized  nickelnsulphate  in  the  strongest  aqueous  ammonia,  deposits  crjrstals 
in  the  cold.  It  may  also  be  evaporated  to  the  crystallizing  point  in  vacuo 
over  oil  of  vitriol,  or  precipitated  by  alcohol,  the  light  blue  precipitate 
redissolved  in  the  smallest  possible  quantity  of  warm  water,  and  the  salt 
left  to  crystallize  by  cooling.  Transparent,  dark  blue,  rectangular  prisms, 
with  dihedral  summits  resting  on  the  narrow  lateral  faces.  The  crystals 
obtained  by  evaporation  in  vacuo  have  a  more  bluish-green  colour,  arising 
from  enclosed  mother-liquid.  The  crystals  crumble  to  a  light  blue  powder 
in  the  air  or  in  vacuo.  When  heated  in  a  glass  tube,  they  yield  ammonia, 
sulphate  of  ammonia,  and  a  greyish-green  powder,  probably  consisting  of 
basic  nickel-sulphate.  They  mssolve  readily  in  water,  forming  a  blue 
solution.  The  concentrated  solution  evolves  ammonia  when  boiled,  and 
deposits  green  flakes  of  hydrated  oxide,  which  still  retains  sulphuric  acid, 
even  after  long  washing.  Insoluble  in  alcohol,  even  when  dilute. 
(Erdmann.) 

Cfrysiallized,  Erdmum* 

2NH'   340    ....      26*26  23*71 

NiO 37-5     ....      28*96  28*62 

S0»  ....» 400    ....      30-88  30*83 

2HO 18*0    ....      13*90  16-84 

NH*0,NiO  +  NH*0,SO»    129*5     ....     10000      100*00 

L.  Sulphate  of  Nickel-oxide  and  Ammonia. — Formed  by  mixing 
sulphate  of  nickel-oxide  with  sulphate  of  ammonia.  Bluish-men  crystals^ 
having  the  form  of  sulphate  of  magnesia  and  ammonia.  (Mitscherlich.) 
Specific  gravity  1*801,  according  to  Thomson;  1'915  according  to  Kopp. 
Soluble  in  4  parts  of  cold  water.  (Link,  CrelL  Ann.  1796,  1>  32.) 

Cryiiallized ; — MitBcherlich's  calculation. 

NH» 17-0      8-61 

NiO 37*5      18-99 

2S0» 80*0      40-51 

7HO 63*0      31-89 

NH*0,  SO*  +  NiO,  SO>  +  6Aq.        1975      100*00 


M.  Ahmonio-iodide  of  Nickel. — a,  Terhatic, — The  saturated  solu- 
tion of  nickel-iodide  in  water  yields,  when  supersaturated  with  ammonia, 
whitish  flakes,  which  dissolve  slowly  on  the  application  of  heat,  forming 
first  a  reddish,  and  afterwards  a  light  blue  solution.  (Erdmann.)  The 
flakes  are  light  blue,  and  dissolve  when  heated,  leaving  merely  a  small 
green  residue.  (Rammelsberg.)  The  blue  solution  when  cooled  u>r  mixed 
with  alcohol:  2?am)7ie&&«r^)  heeomes  completely  decolorized,  ana  deposits 


88S  mcau 

m 

the  oMnponnd  a,  ptHly  in  tlid  f<Hrm  of  a  lin^  Uao^  ImT3%  erjMBSbm 

gowder,  partly  in  small,  blue,  shining  oetobedn>n8.  Theoe  ccystalfly  wkea 
eated,  give  off  ammonia  and  sal-ammoniac,  then  torn  blaek,  6to1t» 
iodine,  and  leare  a  compound  of  oxide  and  iodide  of  nickeL  (Erdmann*) 
At  100°,  thej  giro  off  a  small  quantity  of  water;  at  a  stronger  bea4y 
ammonia  with  more  or  less  water;  aud  the  unfused  residue,  which  is  red* 
brown  at  first,  and  afterwards  turns  blackish-greeu,  consists  of  pure 
iodide  of  nickel.  (Rammelsberg.)  The  water  is  probably  not  essential, 
but  cannot  be  completely  expelled  without  decomposition  of  the  com- 
pound. The  salt  gires  off  ammonia  when  exposed  to  the  air,  becoming 
first  green  and  afterwards  brown.  It  dissolves  in  water — ^with  separation 
of  light  green  flakes  of  hydrated  oxide,  containing  yery  little  iodine  and 
no  ftmmonia— -and  forms  a  blue  liquid,  which,  after  a  while,  again  deposits 
enrstals  of  the  same  compound.  (Rammelsberg,  Fog^.  48,  119.)  It  die^ 
soires  rezy  sparingly  in  excess  of  ammonia.  (Srdmann.) 

BfoiwMin. 

3NH» 51-0    ....    24-69      2267        2308 

Nil    -     155-5     ....     75-31       7557        ........        7692 

HO    1-76 

3NHS,NiI 206-5     ....  10000      lOO'OO        100-00 


5.  Bibaaic. — Iodide  of  nickel  does  not  absorb  ammoniacal  gas  in  the 
cold;  but  when  gently  heated,  it  absorbs  18*151  per  cent,  becoming 
heated  and  swelling  up  to  a  yellowish-white  mass.  (Rammelsberg.) 


2NH» 

34-0 

....       17-94 
....       82-06 

Ramrndsbeif. 
15-36 

Nil     

155-5 

84-64 

mV^Im  mSWmlk  ••......•....•.... 

189-5 

....     100-00 

. 100-00 

N.  NiccoLO-ioDATS  OF  Ammonia. — Alcohol  added  to  the  blue  solu- 
tion of  nickel-iodate  in  ammonia,  throws  down  small  ciystab,  or  a  light 
blue  crystalline  powder,  which  behayes  yery  much  like  the  corresponding 
cobalt-compound,  and  appears  to  consist  of  2NH*+ NiO,IO'  [or  NH',NiO 
+NH',IO*J.  (Rammelsberg,  Pogg.  44,  5«2.) 

O.  Amkonio-bromidb  OF  NicxBL. — 1.  Pulyerized  anhydrous  bromide 
of  nickel  immersed  in  ammoniaoai  gas  is  conyerted  into  a  pale  yiolet  powder. 
-—2.  A  concentrated  aqueous  solution  of  bromide  of  nickel  heated  with 
excess  of  ammonia,  yields  a  blae  liquid,  from  which,  as  it  cools,  a  light 
blue  crystalline  powder  of  the  same  composition  is  deposited.     The  com- 

Sound  obtained  by  (1)  or  (2)  giyes  off  its  ammonia  when  heated;  it 
issolyes  in  a  small  quantity  of  water,  forming  a  blue  solution;  but  on 
further  addition  of  water,  hydrated  niekel-oxide  is  precipitated,  and  the 
liquid  retains  a  pale  blue  colour.  (Rammelsberg,  Fogg,  55,  248.) 


51-« 
29-5 
78-4 

....      o£  Iv           .... 

....     18-561 

....    49-34>        ••• 

Ramnidsberg. 

3NH*. 

B» 

30-74 
69-26 

(2)^ 
30-96 

n9-S7 

3NHS,NiBr 

158-9 

....     «lWr  W 

....      100-60 
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P.  Ahmonio*bkokatb  ov  NicKBirOXiDB* — ^Fonnod  by  preoipit«ting 
the  concentrated  solution  of  nickel-bromate  in  ammonia  with  alcohol. — ^Pale 
green  crystalline  powder. — When  heated,  it  makes  a  hissing  noise,  giving 
off  bromine  yaponr,  oxygen  gas,  and  nitrogen  gas,  and  a  sablimate  of 
hydrobromate  of  ammonia,  while  a  mixture  of  oxide  and  bromide  of 
nickel  is  left  behind.  When  boiled  for  some  time  with  potash,  it  givee 
off  the  whole  of  its  ammonia.  When  it  is  digested  in  water,  the  smaller 
part  dissolves  undecomposed  and  forms  a  blue  solution,  while  the 
remaining  portion  is  decomposed,  with  separation  of  green  flakes  of 
hydrated  oxide.  (Rammelsberg^  ^099*  ^^>  ^0*) 

Q.  Amxonio-chlobidb  of  Niokbl. — 1.  Chloride  of  nickel^  at  ordi- 
nary temperatures,  absorbs  74*84  per  cent,  of  dry  ammonia,,  with  rise  of 
temperature  and  tumefaction^  and  is  converted  into  a  white  powder  haying 
a  faint  tinge  of  violet.  The  powder,  when  heated  to  redness,  gives  off 
ammoniacal  gas,  together  with  a  small  quantity  of  sal-ammoniao,  and 
leaves  chloride  of  nickel  mixed  with  a  little  metallic  nickel.  It  dissolves 
in  water,  forming  a  bluish  solution  ^  leavings  however,  an  undissolved 
residue  of  green  hydrated  oxide.  (H.  Rose,  Pogg.  20,  155.) — 2,  The 
solution  of  chloride  of  nickel  in  aqueous  ammonia  3rields,  on  the  addition 
of  alcohol,  a  light  blue  powder,  and  on  cooling,  large  opaque  oetohedrona 
with  truncated  edges  and  summits,  having  a  blue  colour  with  violet 
iridescence.  When  heated  in  vacuo,  they  decrepitate  and  crumble  to  a 
yellow  powder,  giving  off  a  trace  of  water,  then  ammonia,  and  leaving  a 
residue  of  chloride  of  nickeL  At  a  strong  red  heat,  a  sublimate  of  sal- 
ammoniac  and  chloride  of  nickel  is  obtained,  and  the  residual  chloride  of 
nickel  is  mixed  with  a  small  quantity  of  metallic  nickel;  if  the  air  has 
access,  oxide  of  nickel  remains  behind.  In  warm  air,  or  in  vacuo  over  oil 
of  vitriol,  the  crystals  soon  crumble  to  a  yellow  powder.  They  dissolve 
in  cold  water  without  decomposition;  but  the  solution,  when  boiled, 
evolves  ammonia  and  deposits  green  flakes  of  hydrated  oxide  free  from 
chlorine.     Insoluble  in  alcohol.  (Erdmann,  J,  pr,  Chem.  7,  266;  19,  445.) 


3NH» 51-0 

Ni 29-5 

CI 35-4 


H.  Rose. 

Erdmann. 

0) 

(2), 

44*00 

42-81 

25*45) 
30-55)       "•• 

57*19 

r25-2 
••       \30-3 

3NH»NiCl   115-9      ....     100-00        lOOOO 

R.  Chloribb  of  Nicbxl  ahd  AmcoiniTM.— -Formed  by  mixing 
aqueous  chloride  of  nickel  with  sal-ammoniac.  —  Green,  imperfectly 
crystallized.  (Tupputi.)  %  By  saturating  2  pts.  of  hydrochloric  acid  with 
nickel-oxide  and  1  pt.  of  the  same  acid  with  ammonia — concentrating  the 
mixed  solution  by  slow  evaporation,  and  leaving  it  to  itself  in  a  dry 
atmosphere  for  several  days,— large,  beautiful  green  crystals  are  obtained 
belonging  to  the  oblique  prismatic  system. 


NH^ 18-0 

2Ni 59-0 

3C1 106-2 

12HO -  1080 


Hants. 

6-17 

5-65 

20-30 

2005 

36-44 

36-44 

37-09 

37-86 

NH*Cl,2Nia  +  12Aq 2912      ....     100-00        10000 

(Hautz,  Ann.  Fharm  M,  383.)  T 
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S.  Fluoride   of    Nickel    an1>    AMMOKivit.— >6ran!ilar   crystals, 
easily  soluble  in  water. 

T.  NiccoLo-NiTRATB  OF  Ammonia. — 1.  The  concentrated  solntion  of 
normal  nickel-nitrate  in  ammonia^  jields^  at  a  freezing  temperature^  Iftrgo, 
aapphire-blue,  transparent,  regular  octohedrons,  some  of  which  have  their 
summits  truncated.  The  salt  may  likewise  be  precipitated  from  its 
solution  by  absolute  alcohol;  but  as  it  is  somewhat  soluble  in  dilute 
alcohol,  the  salt  thus  obtained  is  smaller  in  quantity,  and  in  the  form  of  a 
granular  precipitate,  which  requires  to  be  washed  with  alcohol. — The 
crystals,  when  exposed  to  the  air,  give  off  ammonia,  andgiadnally  crumble 
to  a  bluish-white  powder,  which  partially  deliquesces  in  a  damp  atmo- 
sphere. They  fuse  when  heated,  first  giving  off  water  and  ammonia,  and 
afterwards  nitrous  yapours  with  slight  detonation,  and  leave  a  residue  of 
pure  oxide  of  nickel.  Heated  in  the  air  on  platinum  foil,  they  bum  with 
tolerably  strong  detonation,  leaving  black  protoxide  of  nickel,  partly 
mixed  with  peroxide.  They  dissolve  readily  in  cold  water.  The  blue 
solution  gives  off  anunonia  on  boiling,  and  deposits  flakes  of  pure  hydrated 
oxide,  while  nitrate  of  ammonia  remains  in  solution.  The  dilute  soluiion 
decomposes  very  quickly  even  as  it  begins  to  boil;  the  concentrated 
solution  remains  blue  even  when  boiled.  (Erdmann.) 

CrygtaUiged,  ErdmaiUL 

2NH»    34-0      ....      25-28        27-16 

NiO  37-5      ....      27-88        27-52 

N0»  54-0      ....      4014        38-89 

HO    90      ....        6-70        6-43 

NH«,NiO  +  NH<0,NO» 134-5      ....     100-00        100-00 

U.  Nitrate  of  Nickbl-oxidb  and  Ammonia. — Green,  indistinct 
etystals,  soluble  in  3  parts  of  cold  water.  (Th^nard,  Scher.  J.  10,  428.) 

Nickel  and  Potassium* 


A.  Niccolatb  of  Potash.— -a.  Hydrate  of  potash  forms  a  bluish 
glass  with  oxide  of  nickel.  (Kirwan.)— o.  A<j^ueous  potash  solution  added 
to  niccolate  of  ammonia  forms  a  green  precipitate,  which,  when  treated 
with  hot  water,  gradually  gives  up  all  its  potash  and  is  converted  into 
hydrated  nickel-oxide.  (Berzelius.)  —  c.  Caustic  potash  dissolves  an 
extremely  small  quantity  of  hydrated  nickel-oxide.  (Tupputi.) 

B.  Sulphate  op  Nickel-oxide  and  Potash. — Formed  by  mixing 
sulphate  of  nickel-oxide  with  sulphate  of  potash,  or  by  dissolving  nickel- 
oxide  or  its  carbonate  in  aqueous  bisulphate  of  potash. — YeUow  when 
anhydrous*  At  a  low  red  heat,  it  fuses  to  a  brown  liquid,  which,  if  thrown 
into  water  when  cold,  diffuses  itself  through  the  water  in  the  form  of  a 
vellow  powder,  and  gradually  dissolves.  (Gm.)  At  a  higher  temperature 
it  is  converted  into  a  black  mixture,  of  nickel-oxide  and  sulphate  of 
potash.  In  a  moist  atmosphere,  it  turns  green,  and  in  combination  with 
water  forms  bluish-green,  transparent,  permanent  crystals,  of  specific 
gravity  2*124  (Kopp),  and  isomorphous  with  sulphate  of  magnesia  and 
ammonia,  &c.  (Mitscherlich.)  Fig,  85;  %:u  or  u'=102°  15';  f  :  «= 
154°  32';  i:/=116*»ir;  t*:tt'=10d°  10';  w:«=125°25'.  (Brooke,  Ann. 
FhU.  22,  488.)    Soluble  in  8  or  9  parU  of  cold  water*  (Tupputi.) 


KICKGL.AND  SODIUM.  S85 

Cryttallized; — 

Calculation,  according  to  MitscBerlich.  Cooper.      Proust.  Watts.* 

KO    47-2     ....     21*58  ....  20*48     ....  ....  21-52 

HiO „ 37-5     ....     17-10  ....  17-54     ....     15     ....  1712 

2SO» 800    ....     36-63  ....  37-90    3635 

6HO 54-0     ....     24-69  ....  2408     ....     24     ....  24'96 

KO,SO»  +  NiO,SO*  +  6Aq.     2187     ....  100-00     ....  10000     ....  ....     99-95 

C.  Fluoride  op  Nickel  and  Potassium. — Small  granular  crystals 
of  a  pale  apple-green  colour  and  easily  soluble  in  water.  (Berzelius.) 


Nickel  and  Sodium. 

A.  NiccoLATE  OF  SoDA. — Soda  added  to  solutions  of  nickel-salts 
throws  down  niccolate  of  soda,  which  gradually  gives  up  all  its  nickel- 
oxide  to  hot  water.  (Berzelius.) — Nickel-oxide  does  not  dissolve  in 
carbonate  of  soda  before  the  blowpipe. 

B.  A  small  quantity  of  nickel- oxide  heated  with  Borax  in  the  outer 
blowpipe-flame,  forms  a  glass  which  is  hyacinth-coloured  while  hot,  and 
pale  yellow  when  cold;  with  a  larger  quantity,  the  glass  is  dark  brown 
and  opaque  while  hot,  deep  red  and  transparent  when  cold.  The  inner 
flame  colours  the  glass  grey,  the  nickel  being  reduced  and  difiused  through 
it  in  a  state  of  minute  division,  but  afterwards  assuming  a  more  closely 
aggregated  form,  though  without  fusing.  The  addition  of  nitre  or  any 
•other  substance  containing  potash,  changes  the  brown  colour  of  the  glass 
obtained  in  the  outer  flame  to  blubh  or  dark  purple.  (Harkort.) 

IT  Nickel  mixed  with  cobalt  may  be  detected  by  the  blowpipe  as 
follows:  A  small  bead  of  borax  attached  to  a  platinum  wire  is  completely 
saturated  with  the  oxides,  and  then  exposed  for  some  time  to  the  reducing 
flame,  whereby  the  nickel  in  the  bead  is  separated  in  the  metallic  state. 
If  the  wire  be  then  suspended  by  a  thread  or  a  hair  attached  to  its 
middle,  the  bead,  if  nickel  is  present,  will  be  attracted  by  the  magnet. 
(Genth,  Ann.  Fkarm.  60,  208.)  IT 

C.  With  Microcosmic  Salt,  nickel-oxide  exhibits  the  same  characters; 
but  the  colour  disappears  almost  entirely  as  the  glass  cools,  and  the  inner 
-flame  exerts  no  reducing  action:  the  addition  of  tin,  however,  reduces  the 
nickel  after  a  while.  (Berzelius.) 

IT  B.  Metaphosphate  of  Nickel-oxide  and  Soda. — Prepared  like 
the  corresponding  cobalt-salt  (p.  344).  —  Greenish-yellow,  anhydrous 
powder,  insoluble  in  water  and  dilute  acids,  but  soluble  in  strong  sulphuric 

acid. 

Maddrell. 

6NiO  225-0       ....       29*81         29-79 

NaO    31-0       ....         4-13         4-06 

7PO»  499-8       ....       66-06         66-15 

6CNiO, PO«)  +  NaO,PO«   ....       755*8       ....     100*00         ZZ       10000 
(Maddrell,  Ann.  Pharm.  61,  56.)  IT 
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NiGEBL^  Barium,  and  Stronthtm. 

NiccoLATE  OP  Baryta  and  Niocolatb  op  Strontia. — Precipitated 
on  mixing  niccolate  of  ammonia  with  baryta-  or  strontii^water.  Deoom* 
posed  by  sulphate  of  potash  or  sulphate  of  anunonia. 


Nickel  and  Calcium. 
Niccolate  op  Limew— Similar  to  the  baryta-compound. 

Nickel  and  Magnesium. 

Niccolate  of  Magnesia. — ^Precipitated  on  adding  ammonia  to  a 
nickel-salt  mixed  with  a  magnesia-salt;  excess  of  ammonia  does  not 
extract  the  whole  of  the  nickel-oxide.  (Berzellus.) 

B.  Phosphate  of  Nickel-oxide  and  Magnesia. — Precipitated  on 
adding  ammonia-— eyeu  in  excess — to  an  acid  solution  of  nickel-oxide  and 
magnesia  containing  phosphoric  acid.  (H.  Rose.) 

Nickel  and  Aluminum. 

A.  Aluminate  op  Nickel-oxide.— Analogous  to  the  compound  of 
nickel-oxide  and  magnesia. 

B.  Fluoride  op  Aluminum  and  Nickel,  or  Htdrofluatb  of 
Alumina  and  Nickel-oxide. — Formed  by  eyaporatiug  a  mixed  aqueous 
solution  of  hydrofiuate  of  alumina  and  hydrofluate  of  nickel-oxide.  Long, 
pale  apple-green  needles,  which  dissolve  in  water  slowly  but  completely. 
Ammonia  precipitates  the  salt  A  from  the  solution.  (Berzellus.) 

Nickel  and  Silicium. 

A.  Htdratbd  Fluoride  of  Silicium  and  Nickel,  or  Hydro- 
fluate OP  Silica  and  Nickel-oxide.— NiF,  SiP-hTAq.  By  evi^po- 
ratinff  a  solution  of  nickel-carbonate  in  hydrofluosilicic  acid.  Green 
riiombohedrons  and  six-sided  prisms  easily  soluble  in  water.  (Benelius, 
Fo^g.  1,  1.98.) 

B.  Glass  pluxes  containing  Nickel. — Oxide  of  nickel  imparts  a 
bluish  colour  to  glass-fluxes  containing  potash  and  a  hyacinth  colour  to 
those  which  contain  soda. 

Nickel  and  Tungsten. 

A.  TuNGSTATE  OP  NicKEL-oxiDE.  —  a.  ifono^un^ffot^.  •— Mono- 
tungstate  of  potash  added  to  nickel-salts,  throws  down  a  light  green 
powder,  which  gives  off  its  water  and  turns  yellow  when  ignited;  in  the 
unignitcd  state,  it  is  insoluble  in  water  and  oxalic  acid,  but  dissolyes  in 
boiliDg  phosphoric  or  acetic  acid,  and  in  warm  ammonia.  (Anthon.) 


NICKEL  AND  CHUOMIUM.  887 

TgnUtd*       Anthoii.  Dried  hi  ihe  ah*  A&thoii. 

NiO  37-5  ....  23-81  ....  S5            NiO 37*5    ....    17*73  ....     18 

W0» 120-0  ....  7619  ....  75            WO» 1200     ....     66-74  ....     54 

6H0 54-0     ....     25-53  ....     28 

NiO,WO»....     157-5  ...10000  ...100  +6Aq.  ...     2115     ....  10000     ....  100 

5.  BilufiffSlate.'-^AlkBlmQ  bitnngstates  fonn  with  niokelnsalts,  a  pre- 
cipitate, which,  when  ignited,  collects  into  a  somewhat  pasty  mass;  and 
this,  on  exposure  to  the  air,  hardens,  becomes  light  green^  and  somewhat 
translncent.  The  light  green  powder  which  it  yields,  again  becomes 
somewhat  doughy  when  soaked  in  water.  At  a  heat  below  redness,  the 
mass  turns  brown  and  gives  off  its  water;  when  strongly  ignited  it  bakes 
together  slightly.  The  unignited  salt  is  insoluble  in  water,  slightly 
soluble  in  oxalic  acid,  perfectly  soluble  in  phosphoric  or  acetic  acid. 

Ignited.            Anthon.  Dried  in  the  air.  Anthon. 

NiO 37-5  ....  13-51  ....  12*5         NiO  87-5     ....     11'96  ....     11 

W0» 2400  ....  86-49  ....  875         2W0»   ....  240-0    ....     76-56  ....     77 

4HO 360     ....     11-48  ....     12 

NiO,2WO»      277-5  ....10000  ...1000  +4Aq 313-5     ....10000     ....100 

B.  SuLPHOTUNGSTATE  OF  NiCEEL. — NiS,WS^.— Similar  to  the  cobalt- 
compound. 

Nickel  and  Molybdenum. 

A.  MoLYBDATE  OP  NicKEL-oxiDE. — Molybdatc  of  potash  forms  with 
chloride  of  nickel,  a  light  apple- green  precipitate  (Richter) — white,  accord- 
ing to  Hatchett, — slightly  soluble  in  boiling  water. 

B.  SuLPHOMOLYBDATE  OP  NiCKEL. — NiS,MoS^ — Analogous  to  the 
cobalt-compound. 

C.  Persulphomolybdate  op  Nickel. — NiS,  MoS*. — Black-brown 
precipitate  retaining  the  same  colour  when  dry,  soluble  in  excess  of 
sulphomolybdate  of  potassium,  but  separating  out  again  in  the  course  of 
24  hours.  (Berzelius.; 

Nickel  and  Vanadium. 

Vanadiatb  op  Nickel-oxide. — a.  Monovanadiate. — The  aqueous 
solution  yields  on  evaporation  a  deep  yellow,  non-crystalline  mass,  which 
dissolves  in  water,  but  is  precipitated  from  the  solution  on  the  addition  of 
alcohol :  the  precipitate  thus  formed  is  yellow. — 6.  Acid,— The  solution 
yields  on  evaporation  small,  deep  yellow  crystals,  soluble  in  water,  but 
precipitated  again  from  the  solution  by  alcohol.  The  solution  in 
ammonia  does  not  exhibit  any  blue  colour.  (Berzelius.) 

Nickel  and  Chromium. 

Chromate  op  NiCKEL-oxiDB. — a.  Monochr<mcUe  9-^1.  Formed  by 
mixing  the  solution  of  b  with  a  small  quantity  of  fixed  alkali,  or  digest- 
iflg  it  with  carbonate  of  nickel- oxide.— Reddish  yellow  powder,  insoluble 
in  water.  (Tttpputi.)*-2.  Chromate  of  potwb  mixe4  with  sulphate  of 

«  c  « 
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nickel-oxide,  forms  an  abnndant  precipitate  on  the  application  of  heat : 
the  liquid  contains  sulphate  of  nickel-oxide  and  potash.  (Stokes^  Kcuin^ 
Arch.  13,  191.) 

b.  Acid  Chromate  9 — Aqueous  chromic  acid  dissolves  the  hydrate  or 
carbonate  of  nickel-oxide,  forming  a  yellowish-red  solution,  whidi 
deposits  a  powder  soluble  in  a  larger  quantity  of  the  acid;  and  the  latter 
solution  deposits,  according  to  Tupputi,  a  non-deliquescent  crystalline 
mass, — according  to  John^  red  crystals  aggregated  in  tern-like  tufts.  The 
dry  residue  is  resolved  at  a  red  heat  into  chromic-oxide  and  nickel-oxide. 
(John.) 

Permanganate  of  potash  giTes  no  precipitate  with  chloride  of  nickeL  (Fromhers.) 

Nickel  and  Arsenic. 

A.  Arsenide  of  Nickel. — a.  A  very  small  (quantity  of  arsenic  is 
sufficient  to  render  nickel  fusible  before  the  blowpipe  under  borax;  the 
nickel,  however,  when  thus  alloyed,  retains  its  ductility  and  magnetic 
power.  (Berzelius.) 

6.  With  A  At,  Arsenic?— a.  100  parts  of  finely- divided  nickel, 
heated  in  a  close  vessel  with  200  arsenic,  form,  without  visible  combus- 
tion, from  150  to  156  parts  of  pulverulent  or  brittle  arsenide  of  nickeL 
(Gehlen.) — p.  100  parts  of  arseniate  of  nickel-oxide  heated  to  whiteness 
in  a  charcoal  crucible,  yield  61*5  parts  of  arsenide  of  nickel,  having  the 
form  of  a  greyish- white,  brittle,  non-magnetic  button,  exhibiting  a  fine- 
grained texture,  and  containing  about  half  as  much  arsenic  as  copper- 
nickel.  (Berthier.) 

y.  Placodine. — Crystalline  system  the  oblique  prismatic.  The  form 
is  that  of  fgurcs  91  to  120,  with  the  faces  u,  t,  i,  and  /  united;  the  faces 
e  and  z  are  likewise  present  in  some  crystals,  u  :  u'=64°  32';  f  :  «  = 
122**  16';  t  :  «=133°  28';  t  :/=120*  5';  cleavage  parallel  to  u  and  t. 
Specific  gravity  from  7*988  to  8*062.  Bronze-yellow,  somewhat  lighter 
than  magnetic  pyrites;  yields  a  black  powder.  (Breithaupt,  Fogg.  53,  631.) 
—When  heated  in  a  tube,  it  gives  off  arsenious  acid,  and  likewise 
sulphurous  acid  if  a  strong  current  of  air  plays  over  it  Before  the 
blowpipe  on  charcoal,  it  fuses  with  tolerable  facility,  and  emits  arsenical 
fumes;  after  roasting,  it  yields  a  blue  glass  with  borax.  (Plattner,  Fogg. 
58,  283.) 

Placodine,  Plattner. 

4Ni  117       ....       60*94        57*05 

Co ....  0-92 

Fe ....  ,  traro 

Ca    ....  0-86 

lAs  « 75      ....      39*06        39-71 

S  ....  0*62 

Ni^Aa  192      ....     10000        ZZ        99*16 

• 

c.  Trisarsenide, — Crystallized  Cohalt-tpeias, — Found  on  taking  down 
a  worn-out  blue-colour  furnace.  More  rarely  found  in  cobalt-speiss  run 
out  from  the  glass-pots.  Appears,  to  be  produced  by  long-continued 
fusion  of  copper-nickel  contained  in  cobalt-ores.  (Wdhler.) — Crystalline 
system  the  square  prismatic.  Fig,  24  and  35;  p  :tf=:122^  10';  e  i  e'=s. 
106°  28'  <?:<j^=115°  39';  e  :€=105°  17';  «  :€''  =  145°  5'.  Cleavage 
pknes  imperceptible,     Fraotnre  uneven.  (G.  Rose,  Fogg,  28,  434.)    Has 
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a  strong  lustre  and  a  light  pinchbeck-colour^  less  red  than  oopper-nickel. 
Not  magnetic.     (Wohler,  Fogg.  25,  302.) 


Crystallized, 

3Ni 

As  

Mn,Fe,Ca 

S 


Cobalt^  apein, 
88'5      ....      5413 
75-0      ....      45-87 


WQhler. 

52-70 

44-05 

1-60 

1-65 


Nr»,As    163-5 


100-00 


100-00 


d.  Di-arsenide, — Copper-nickel, — Double  six-sided  pyramid.  (Glocker, 
J.  pr.  Chem.  12,  182.)  Crystalline  system  the  right  prismatic;  Fig,  48, 
without  the  p-face,  and  without  the  truncation  between  u  and  a;  i  :  t=: 
60**  16';  t :  a=133°  25'.  (Breithaupt,  Schw,  68,  445.)  Sp.  gr.  from  7*5 
to  7*65.  Harder  than  apatite;  emits  an  arsenical  odour  when  struck 
with  steel.  Fracture  conchoidal.  Colour  copper-red;  powder  brownish- 
black.  Non-magnetic.  When  heated  in  a  glass  tube,  it  fuses  just  when 
the  glass  begins  to  soften,  giring  off  arsenious  acid  but  no  free  arsenic. 
On  charcoal  before  the  blowpipe,  it  emits  a  strong  arsenical  fume,  and 
fuses  into  a  silyer-white,  brittle  button.  When  roasted  in  the  air,  it  leaves 
a  yellow-green  residue,  which,  when  fused  upon  charcoal  with  carbonate 
of  soda  and  a  little  borax,  yields  a  tolerably  ductile,  magnetic  button  of 
metal.  (Berzelius.)  When  heated  to  whiteness  for  an  hour,  it  loses  from 
12  to  15  per  cent,  in  weight,  but  without  alteration  of  appearance.  (Ber- 
thier.)  Enclosed  in  a  charcoal  crucible,  and  heated  for  half  an  hour  in 
the  blast-furnace,  it  gives  off  4  per  cent,  of  arsenic.  (W&hler.) — Dis- 
solves in  nitric  acid  with  separation  of  arsenious  acid,  more  readily  in 
aqua-regia. 

Stromeyer.         Sackow.*        Schnabel.-h 
Oopper-niekeL  Biecheliclorf.  Westphalia. 

,.     59     ...    44-03        ....        44-21       ....      45-76      ....      45-37 


Ni. 
Co. 
Fe. 
Pb. 

8b. 
As. 
S  . 


At. 
2 


75 


55-97 


0-34 
0-32 

54-73 
0-40 


2-70 


53-69 
0-15 


Cu 


1*44 

52-71 
0-48 


NP,As 

134 

...t 

100-00        ....       100-00 

•  •«• 

102*30       ....     100-00 

Berthier. 

Berthier. 

At. 

Copper-nickel.             AUemont. 

At. 

Copper-nickel.        ^>»^'  > 

Ni  ....  24 

•••• 

708 

•  ••• 

42-60      ...     39-94 

6 

•  ••• 

177  ....  38-82  ....  33-67 

Co  .... 

•••• 

■  «#• 

....       0-16 

Fc  .... 

•••• 

•  ••• 

&  Mn    trace 

•  ..» 

..■»                                    ....             &    TKw 

8b  ....     1 

•••• 

129 

•••• 

7-76    ....      8-00 

1 

■  *•. 

129  ....  28-29  ....  28-37 

As  ....  11 

t*.« 

825 

»•  •• 

49-64     ....     48-80 

2 

.... 

150  ....  32-89  ....  33-67 

o     ••«. 

..*• 

•  ••• 

....       2-00 

•  •.« 

....                    ....       «*oO 

1662 


100-00 


98*90 


456  ....lOOOO  ....100-00 


In  the  yarieties  examined  by  Berthier,  part  of  the  arsenic  is  replaced  by 
antimony ;  he  supposes  that  the  sulphur  is  in  the  state  of  sulphide  of 
antimony. 

e.  Mono-arsenide, — Arsenical  Nickel  or  White  Nickel-pyrites  {WeisS" 
nickdkies)  of  mineralogists.     Cubes  with  the  faces  of  the  octohedron  and 

*  Verwitterimg  in  Mineralreich,  I.,  Heft.  p.  68. 
-f-  Rammelftberg's  ffandw,,  4  Snppl.  p.  122. 
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doAoofthodron;  or  ft  fine-gmned  nam.  (Booth,  SiU,  Am.  J.  S9, 24i;  alao 
Poff^,  32,  295.)  Sp.  gr.  6*735,  (Rammelfiberg.)  Huder  than  apatite; 
brittle;  tin-white.  Before  the  blowpipe  it  behayes  like  copper-nickel^ 
but  when  heated  in  a  glass  tube  closed  at  one  end,  it  yields  a  sublimate 
of  arsenic  and  a  copper-coloured  residue  of  arsenide  of  nickeL  (Berzelios.) 

Rammels-  Rammeb* 

borg.  Booth.        Hofmaim.        befig.* 


At.  Bieeheltdorf.  Bdmeeberg. 

Ni I  ....    29-5    ....    28-23    ....    2895    ....    20*74    ....    28-X4    ....     18-71 

%^l*«...**f9  ...f  ....  ....  ■••■  O  w/ 

fO. •••••..         t.»*  .•••  ,.,.        tTSOO      .»••         p**d      .••«  ••«.         D'oA 

««11<«...>..  ....  ••..  ••>.  .>.«  **•*  w   Vv 

*J1  ••••.••*  t.«|  «•«.  ••*«  ».»•  i»..  •    X«f 

As I  ....    750    ....    71-77    .M.    70-64    ....    7264    ....    71-30    ....    71-11 

Q     •••••tt.  ..««  ••«»  ..«»  ....  ••<»  V    ^*        •■«.  m    9''9 

104-5    ....  100-00    ....    99-59    ....  100*00    ....  102*27    ....    98-93 

B.  Absbnitb  of  NiOKBXrOXiDB,  or  NicKBL-AS8BNiTB.<-^Fonned  by 
mixing  arsenite  of  potash  with  a  dissolved  niokel-salt — ^Apple-green 
powder,  which,  when  ignited  in  a  glass  tube,  gives  off  water  and  arsenious 
acid,  but  not  all  that  it  contains,  becoming  first  blackish,  then  olive-green 
(light  green,  aooording  to  Benelius).  On  igniting  the  salt  in  a  platinum 
crucible,  the  arsenious  acid  quickly  volatilises,  and  pure  nickel-oxide 
remains  behind.-^Jnsoluble  in  water,  but  easily  soluble  in  ammonia. 
(Proust.) 

G.  Arseniate  of  Nickel-oxide,  or  Nickel-arseniate. — Terbatia, 
Double  decomposition  yields  an  apple-green  powder,  or  apple-green 
crystalline  grains  having  a  metallic  taate. — Arseniaie  of  nickel-oxide 
heated  not  in  contact  with  carbonaceous  matter,  gives  off  nothing  but 
water,  becoming  at  first  hyacinth-coloured  and  transparent,  and  assuming 
a  light  yellow  colour  when  ignited;  at  higher  temperatures,  it  exhibits  no 
further  alteration,  unless  it  comes  in  contact  with  combustible  matter. 
(Proust. \  When  heated  with  sulphur,  it  gives  off  sulphurous  acid,  and 
first  yellow,  then  red  sulphide  of  arsenic,  and  leaves  sulphide  of  nickeL 
(Dbhereiner.)  Gives  up  its  acid  to  fused  hydrate  of  potash. — Insoluble 
in  water,  soluble  in  arsenic  acid,  and  in  the  stronger  mineral  acids. 
Easily  soluble  in  aqueous  ammonia.  Potash  added  to  the  ammoniacal 
solution  precipitates  niccolate  of  potash  free  from  arsenic,  unless  ferric 
oxide  is  present,  in  which  case  the  precipitate  likewise  contains  arsenic 
acid,  (Berzelius.)  On  dissolving  it  in  an  acid  cobalt-salt,  and  adding  a 
small  quantity  of  potash,  arseniate  of  cobalt-oxide  is  precipitated. 

NickeUockre  or  Nickel-bloom  is  also  a  trisarseniate  of  nickel-oxide. 
It  is  produced  by  oxidation  of  arsenide  and  sulph  arseniate  of  nickel, 
which  takes  place  more  quickly  than  with  the  corresponding  cobalt-ores. 
Tbo  most  oxidable  of  all  is  the  white  nickel-pyrites,  which  quickly 
tarnishes  and  blackens  when  immersed  in  aerated  water,  and  after  a  few 
months  exhibits  apple-green  spots  on  its  projecting  points;  next  in  order 
of  oxidability  is  copper-nickel,  and  lastly  nickel-glance.  Together  with 
nickel-ochre,  which  is  never  crystalline,  this  weathering  process  sometimes 
produces  crystalline  needles  consisting  of  sulphate  of  nickel-oxide  and 
sulphate  of  lime.     The  green  coating  with  which  the  three  ores  above 

*  Rammeltberg's  J^^wth^itrimek,  4  Supph  p.  8. 
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mentioned  become  covered  by  exposure  to  damp  air^  contains  nicke] -ochre 
mixed  with  arsenious  acid  :  in  the  mines,  the  arsenions  acid  is  dissolved 
out  by  water.  (Karsten,  Fogg,  .60,  267.) — Nickel-ochre  is  massive, 
earthy,  friable,  apple-green,  and  greenish- white.  When  ignited  in  a 
retort,  it  gives  off  water,  which  sometimes  reddens  litmus  from  admixture 
of  sulphuric  acid;  in  the  latter  case,  it  often  likewise  yields  a  sublimate 
of  arsenions  acid;  the  residue  is  yellow.  (Karsten.)  Heated  on  charcoal 
before  the  blowpipe,  it  gives  off  a  strong  fume  of  arsenic,  and  fuses  in  the 
inner  flame  to  a  metallic  button  containing  arsenic.  Water  extracts  from 
it  traces  of  sulphuric  acid,  frequently  also  of  the  sulphates  of  nickel- 
oxide,  cobalt-oxide,  and  lime.  (Karsten.)  Dissolves  readily  in  hydro* 
chloric  or  nitric  acid. 

Stromeyer.  Bertbior. 
At.  a.  h»  e,  ff.  c. 

NiO  3  ....  112-5  ....  37-56)        o-r.ot  /36-2  ....  36-20  ....  8500  ....  36*10 

CoO  ....  /     '  ^'  ^^  •-  i  2-5  ....     1-53  ....  ....   traoe 

Fe^O^ ....  ....     1*13  ....  ....    trace  ....     2*21  ....     I'lO 

AbO« 1  ....  1150  ....  38-40    ....  36-97  ....  36-8  ....  3830  ....  38'90  ....  87-21 

HO   8  ....  72-0  ....  2404    ....  24*32  ....  24*5  ....  23-91  ....  2402  ....  2392 

"*"'^-'    »...••«.  ....  ....  «...  .§.«  ....  ....  ....       \f9£ 

S09  n>^^ 

CaO;  SO'*       ....  ....  ....  ....  ..,,    trace  ....  ....  traoo 

CoOySO*        ....  ....  ....  ....  ....  ....    trace 

^^+8Aij!^}  ""  2^^*^  ....100-00    ....10000  ....  1000  ....  99*94  ....100-13  ....  9885 


a.  From  Riechelsdorf. — 2^.  from  Allemont.*-o.  from  a  mine  near  Schnee- 
berg.  Gives  off  slightly  acidulated  water  when  ignited,  but  no  arsenious 
acid. — d.  From  the  Adam  Haher-Fundgmle,  near  Schneeberg.  Gives 
off  water  containing  a  trace  of  sulphuric  acid..— e.  From  the  Weisser 
Hirsch  mine,  near  Schneeberg.  Yields  a  slight  sublimate  of  arsenious 
acid. 

* 

D.  Bisulphide  op  Nickel  with  Proto-arsenide  op  Nickel.— 
Nickel-glance  or  Nickel-arsenic-glance. — Octohedrons,  sometimes  with 
the  faces  of  the  pentagonal  dodecahedron  and  cubo-octohedron.  Cleavage 
parallel  to  the  cube-faces.  Sp.  gr.  6-097  (G.  Rose);  from  6-238  to  6-831 
(Breithaupt);  6-757  (Mohs);  from  6*7  to  6*9  (Horner).  Harder  than  apatite. 
Tin-white  inclining  to  leaa-grey;  yields  a  greyish-black  powder. — Decre- 
pitates strongly  when  heated  in  a  flask,  and  when  heated  to  redness  yields 
a  strong  sublimate  of  fused,  yellowish-brown  sulphide  of  arsenic,  while  a 
mass  like  copper-nickel  is  left  behind.  ^BerzeUus.)  Dissolves  in  nitric 
acid,  with  separation  of  sulphur  and  arsenious  acid. 

Berxdiiu.  D&beroDer.  Rammebberg.  Horner. 

At      NieJkei-flance.  I'OO*-  Kanudoarf.  HaneiMa.        Schladming. 

Ni  2  ....  59  ....    35-54  ....  29-94)  57  ]31-82    ....    38-42 

Co  +  Cu ....        0-92/  ••    -*'     •-  I  ....     trace 

jro   ••••..••.••.        ...I         «...  •...         4  ax  ....     X ji     ....  ....       A  v9 

As  1  ....  75  ....     45-18  ....  45-37  ....    48     ....  48-02    ....    42-52 

S 2  ....  32  ....     19-28  ....  19-34  ....     14    ....  20-16    ....     14-22 

vtuartz    ....       ....         ....  ....        "  «i"  ....  ....  ....       *  0/ 

NiAB,NiS>  166  ....  100*00      ....     10058    ....  100    ,...     10000    ....     9912 
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Lowe.*  Sfiliiia1id.t 

^  Schladminff.  Pr»kendorf.  Mown. 

Nl    26-14  ....        28-75  ....  32-66 

Fc    9-55  ....          8-90  ....  2-S8 

As  49-83  ....        46-10  ....  46*02 

S 1413  ....         16-25  ....  18-94 

99-65        ....       100-00        ...      100-00 

Of  the  two  varieties  examined  by  L5we^  that  from  Schladming  was 
eiystallized^  that  from  Prakendorf  wafl  massiTe;  the  yarietj  analyzed  hy 
Schnabel  was  ciystalliied. 

B.  SuLPHARSBNiTE  OP  NiCKBL,— 2NiS,AsS*. — Black  precipitate,  which 
remains  black  on  drying  and  yields  a  black  powder;  when  distilled,  it 
yields  orpiment  and  leaves  a  residue  of  yellow^  coagolated  sulphide  of 
nickel.  (Berzelins.) 

P.  SuLPHARBBNiATB  OP  NicKEL. — 3NiS,AsS*,  and  2NiS,  AsS'.— -Both 
bibasio  and  terbasic  sulpharseniate  of  sodium  produce  with  dilute  nickel- 
salts,  a  clear,  yellowish-^brown  liquid,  which  gradually  darkens  and  forms 
a  precipitate;  in  a  concentrated  solution,  the  precipitate  is  formed  imme- 
diately. It  is  dark  brown  at  first,  but  becomes  black  when  collected  and 
dried;  it  is  not  decomposed  by  hydrochloric  acid,  but  dissolves  in  an 
excess  of  the  aqueous  sodium-salt.  When  arseniate  of  nickel-oxide  dis- 
solved in  hydrochloric  acid  is  precipitated  by  hydrosulphate  of  ammonia 
in  excess,  the  precipitate  contains  sulpharseuiate  of  nickel,  together  with 
sulphide  of  nickel.  (Berzelius.) 

Nickel  and  Antimony. 

A.  Antimonidb  op  Nickel. — Dirantimonide. — 1  part  of  nickel 
powder,  heated  with  2  parts  of  antimony  powder,  produces  a  blackish- 
grey,  metallic  powder,  the  combination  being  attended  with  the  emission 
of  a  red  light.  (Gehlen.) — On  fusing  together  1  At.  (59  parts)  of  nickel 
with  1  At.  (129  parts)  of  antimony,  light  and  heat  are  emitted,  and  a 
magnetic  mass  is  obtained  exactly  resembling  the  following  native  com- 
pound in  hardness,  lustre,  and  colour,  and  likewise  in  its  behaviour  with 
heat  and  with  acids.  (Stromeyer,  Schw,  69,  25i;  also  Pogg,  31,  134.) 

Antimonial  Nickel  (Antimonnichel,  or  ArUimonnickelerz)  of  mineralo- 
gists. Obtuse,  double  six-sided  p3rramid.  Fig.  131 ;  length  of  the  prin- 
cipal axes  ;  length  of  the  secondary  axes  =  1*3.  Sp.  gr.  7 '541  (Brei- 
thaupt,  Pogg»  51,  512).  Six-sided  tables;  fracture  uneven;  harder  than 
fluorspar;  the  recent  fracture  exhibits  a  light  copper-colour  with  a  tinge 
of  violet ;  powder  red-brown.  Not  magnetic.  When  ignited  in  a  glass 
tube,  it  yields  a  small  sublimate  of  antimony.  On  charcoal  it  forms  an 
antimonial  deposit,  and  cannot  be  fused  excepting  in  yery  small  pieces. 
But  little  attacked  by  simple  acids;  dissolves  easily— and  completely  if 
no  galena  is  mixed  with  it — in  aqua-regia.  (Stromeyer  k  Hausmann.) 

*  Jahresb.  L.  &  K.  1847-8,  1155. 
t  Ibid.  „  1849,  720, 
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Stroniey^r. 
Aniimonial  Nickel,  Andreasberg. 

2Ni 59       ....      31-38        30-93 

Fe  ....  0'39 

iSb 129       ....       68-62         68-18 

N?,Sb    188       ....     100-00        ~.       10000 

B.  Antimoniatb  of  Nickel-oxide. — Greenish-white^  insolahle  in 
water.  (Berzelins.) 

C.  Bisulphide  op  Nickel  with  Antimonide  op  Nickel. — Nichel- 
iferous  grey  Antimony,  Hartmannite  {NickeUpeissglanzerz  or  Nickelanti- 
monglam). — Regular  octohedrons  with  the  faces  of  the  cube  and  rhombic 
dodecahedron.  Cleavage  parallel  to  the  cube-faces.  Specific  gravity 
6*45;  harder  than  fluorspar.  Fracture  fine-grained.  Colour  lead-grey 
inclining  to  steel -grey;  powder  greyish -black.  Before  the  blow- 
pipe on  charcoal,  it  emits  a  strong  antimonial  fume,  together  with  sul- 
phurous acid,  and  sometimes  with  a  very  slight  arsenical  fume,  and  fuses 
into  a  metallic  globule,  which  remains  brittle  and  fusible  even  after  long 
blowing;  and  if  fused  with  carbonate  of  soda,  does  not  sink  into  the  char- 
coal, but  forms  a  black  bead  containing  sulphide  of  sodium.  (Berzelius.) 
The  mineral  dissolves  in  nitric  acid  with  separation  of  antimbnic  nitrate, 
and  in  aqua-regia  with  separation  of  sulphur. 

H.  Rose.  John.  Klaproth. 

Niekeliferous  grty  Antimony,        Landskione.  Sayn-Altenkirchen.  JTrensburg. 

2Ni 59     ....     26-82       27-36  ....       2333       ....  2525 

ISb 129     ....     58-64       55-76  ....       61-68      ....  47*75 

2S    32     ....     14-54       15-98       ....       1416       ....       15*25 

NiSb,NiS« 220     ....  100-00      ZZ.      9910      Z      99-17      ....     lOO'OO 

In  the  ore  examined  by  Klaproth,  part  of  the  antimony  is  replaced  by 
arsenic,  whereby  a  transformation  into  the  isomorphous  minenJ,  NickeU 
glance^  is  produced. 

D.  SuLPHANTiMONiATE  OP  NiCKEL. — 3NiS,SbS'. — Precipitated  on 
mixing  an  aqueous  nickel-salt  in  any  proportion  whatever,  with  Schlippe's 
salt. — Black;  oxidates  in  the  air;  decomposed  by  heated  hydrochloric 
acid.  (Rammelsberg,  Fogg,  52,  236.) 

Nickel  and  Tellurium. 

A.  Tellurite  of  Nickel-oxide.^— Formed  by  double  decomposition* 
Very  pale  greenish-white  flakes. 

B.  Tellurite  of  Nickel-oxide.  Exactly  similar.  (Berzelius.) 

C.  Sulphotellurite  of  Nickel.*— Black  precipitate.  (Berzelius.) 

Nickel  and  Bismuth. 

A.  Bismuth-nickel. — Brittle,  laminar  alloy.  (Cronstedt.) 

B.  Sulphide  op  Bismuth  and  '^ic^iBj^.^^Nickd-hUmuthglance.-^ 
Octohedrons  and  cubo  octohedrons,  with  cleavage-planes  parallel  to  tho 
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octohddral  faces.  Harder  than  apatite.  Colonr  steel-grey,  inclining^  to 
silver- white;  powder  grey.  Fuses  readily  before  the  blowpipe,  emitting 
an  odoar  of  sulphurous  acid,  and  under  the  action  of  a  long- continued 
blast,  covers  the  charcoal  with  a  yellowish  deposit,  and  yields  a  strongly 
magnetic  grey  bead,  bronze-yellow  on  the  fractured  surface.  With  borax 
or  microcosmio  salt,  it  yields  a  brown  glass  in  the  outer  flame.  Dissolves 
readily  in  strong  sulphuric  acid,  with  separation  of  sulphur  j  gives  off 
sulphuretted  hydrogen  when  treated  with  hot  hydrochloric  acid;  not 
decomposed  by  caustic  potash. 

Niekel'bimmth'fflanee,  from  Sayn-Altenkirchen  (Kobell.) 

Fe  3-48 

Co 0-28 

Ni  40-65 

Cu 1*68 

Pb 1-58 

Bi 14-11 

S    38-46 

100-24 


Nickel  and  Znvo. 

Nickel-Zinc— 1  part  of  nickel  powder  unites  with  2  parts  of  zinc- 
foil,  emitting  a  red  light,  and  forming  a  blackish-violet  powder  and 
brittle  metallic  globules.  (Gehlen.)  The  combination  is  attended  with 
combustion  and  explosion.  (Gersdorff,  Fogg,  8,  103.) 

B.  Sulphate  of  Nickel-oxide  and  Zinc-oxide. — Zinc  dissolves;, 
with  evolution  of  hydrogen,  in  aqueous  nickel-sulphate  containing  excess 
of  acid.  The  solution  yields  pale  green  crystals  resembling  the  rhombic 
crystals  of  nickel-sulphate;  they  have  a  sharp,  astringent,  and  metallic 
taste,  effloresce  with  ease  to  a  white  powder^  and  dissolve  in  3  or  4  parts 
of  cold  water.  (Tupputi.) 


Nickel  and  Tin. 
Nickel-Tin. — White,  hard,  brittle  alloy. 

Nickel  and  Lead. 

A.  Nickel-Lead.— The  two  metals  may,  with  some  difficulty,  be 
made  to  unite  and  form  a  grey,  slightly  lustrous,  laminar  and  friable 
alloy.  (Cronstedt,  Tupputi.) 

B.  Plumbitb  of  Nickel-oxide. — Analogous  to  niccolate  of  ma^esia. 

t 
Nickel  and  Iron. 

Allots  qv  Nickel  and  Iron.-— Combination  takes  plaoe  with  ease. 

a.  3  parts  Nickel  to  2  Iron:  Grey,  moderately  hard,  perfectly 
malleable  alloy,  whose  magnetic  power  is  to  that  of  iron  as  35  :  55, 
(Lampadios.) 
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b.  1  pt.  Niokel  to  10  Iron:  Greyish-white  inclining  to  yellow^  less 
malleable^  and  less  inclined  to  mst  than  pare  iron.     Sp.  gr.  7*849. 

c.  1  pt.  Nickel  to  33  Iron :  Somewhat  whiter  than  iron,  and  less 
inclined  to  rust,  but  equally  malleable.  Sp.  gr.  7*804.  (Faraday  & 
Stoddart,  0Ub.  66,  289.) 

Metemclrcn  also  ia  principally  an  alloy  of  iron  and  nickel.  The 
following  are  analyses  of  various  specimens: 

a.  b,  e,  d,  €•  f,  9»    ■  ^« 

Cr 3-24 

Fe 6«'56  ....  85-€l  ....  81'8  ....  88*04  ....  90'02  ....  90-24  ....  8978  ....  88-23 

Co ....     0-89  ....     1*0  ....     0-46  ....  ....  ....     0*67  ....     0*76 

Ni 2471  ....  12^28  ....  11-9  ....  1073  ....    9*68  ....    976  ....    8'89) 

V/U  ....•■■.  ....  ....  ....  I      A.AJy     ••••  ...»  ....  /....         O    Omi 

•^^   ........  ....  ....  .*../  ....  ....  ....  1 

V>      ........  ....  ...I  *"•        w  w4 

S    4*00  ....  ....    5*1  ....    trace  ....  ....  ....  ....    trace 

a 1*48 


>w^^ 


99*99  ....  98*78  .,..1000  ....10000  ....  99*70  ....lOO'OO  ....  99*34  ....100*00 

a.  From  Clairbome,  in  Alabama.  (Jackson.) 

h.  From  Cap;  sp.  gr,  7665,  (Wehrle.) 

c.  From  Bittburg  (Stromeyer^;  had  been  previously  fused  at  the 
forge.  Fragments  oi  the  unfusea  mass  have,  according  to  Steininger^  a 
density  of  6*14. 

d^  The  Pallas  meteoric  iron  from  Siberia  (Berzelius),  The  word 
Imol.  denotes  the  portion  insoluble  in  hydrochloric  acid,  the  analysis  of 
which  is  given  below. 

€.  From  Louisiana.  (Shepard.) 

/.  From  Potosi.  (Morren.) 

g.  From  Hraschina  near  Agram;  sp.  gr.  7*78,  (Wehrle.) 

h.  Metallic  mass  ^^  des  v^^wunsckten  Burggrqfen"  in  Eabogen.  (Ber- 
zelius.) 


2*10  ....  20 

...  88*36  ....  96*75  ....  87*35  ....  91*5 

...   trace 

...    4*80  ....     3*25  ....    2*50  ....  1*5 


t,  t*  L        m.  n.  0.  pf  q^a,         q,l3, 

XVm  sL  ^^  ■••■         ••■•  ■•••       •••• 

Cr 

Fe  ....  8912  ....  91*23....  93*57 9378 

Co ....     0*66  ....  ....     0*53 0-21 

Ni,.,.  8-26,..,    8*21....    6'62..,.4-61....    3*81 

Cu....  trace 
Sn .... 

v/      .... 

O         ....  .•>.  ....  ....  aia.  ....  U    OO      ..I.  ....  M     OO       ,M.  •     " 

Imol,  ....    0*28 2*20 ....  ....  SiO»  630  ,..,     3*0 

•"         9804  ....  99*72  ...100*72  100*00  ....  99*99  ...lOO-OO  ....100-60  ....   99*0 

i.  From  Lenarto;  sp.  gr.  7 '798,  (Wehrle.) 
h.  From  Tokavito  in  Columbia.  (Boussingault.) 
I,  From  Atacama.  (Turner.^ 

m.  From  the  eastern  shore  ot  the  Great  Fish  Biver.  (Herschel.) 
n.  From  Bohumilitz  in  BohemiiV^  Insole  denotes  tl^o  portion  insoluble 
in  nitric  acid. 
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0.  Metallic  particles  extracted  bj  the  magnet  from  the  meteoric  iron 
from  Macedonia,  containing  magnetic  pyrites  together  with  nickel-iron* 

p.  From  Durango  in  ^fexico.  (Klaproth.) 

q.  From  Brabin  in  Poland.     ».  Bluish  rariety;  0.  white.  (Laagier.) 

The  specimens  of  meteoric  iron  from  Cap,  Agram,  Bittburg,  Lenarto, 
Goth  a,  and  Elbogen,  and  likewise  those  m>m  Brazil,  Buenos  Ayres, 
Lousiana,  and  Siberia,  contain  from  O'l  to  0*2  per  oenU  of  copper. 
(Stromeyer.) 

Composition  of  the  residnes  insoluble  in  acids: 

a.                       h.  e. 

Mg 9-66  1                ,..y2  ( 

Ni 18-33  ;    "••         *'  '^  •  •  l  15-01 

Fe 48-67        ....         68-11  ....  66-99 

Cu  and  Sn trace 

Si  ....  ....  2-04 

P   18-47        ....         14-17  ....  14-02 

C  and  loss     4-87            0  1-42 

10000        ....       100-00        ....  98-48 

a.  The  residue  left  on  dissolving  the  Pallas  iron  from  Siberia  in  dilute 
hydrochloric  acid. — 6.  The  same  from  the  Elbogen  iron. — c.  When  the 
meteoric  iron  from  Bohumilitz  is  dissolved  in  dilute  nitric  acid,  an  insolu- 
ble residue  is  left,  amounting  to  between  2*20  and  2-26  percent;  it 
consists  of  about  equal  parts  of  white,  metal-shining  scales,  whose  com- 
position b  given  under  e,  and  a  carbonaceous  substance,  after  the  com- 
Dustion  of  which  there  remains  a  small  quantity  of  basic  phosphate  of 
ferric  oxide,  together  with  nickel-oxide,  silica^  and  a  trace  of  chrome-iron- 
ore.  These  insoluble  phosphorus-compounds  appear  to  be  the  cause  of 
the  ciystalline  fignres  ( WiedmanstadCs  figura)  which  are  developed 
when  a  bright  surface  of  meteoric  iron  is  etched  with  acids.  (Berzelius.) 

For  other  analyses  of  meteoric  iron,  vid.  Jahre^ber,  L,  ^  K.;  1847-8, 
p.  1298;  1849,  p.  827. 

B.  and  C.  Niccolatb  of  Ferrous  Oxids,  and  Fbrrite  of  Nickel- 
OxiPB.>^Analogous  to  niccolate  of  magnesia. 

D.  Carbide  of  Nickel  and  Iron. — 1  part  of  nickel  forms  with 
8  or  1 0  parts  of  steel,  a  damask-figured  alloy,  which  has  a  density  of 
7*684,  and  rusts  much  more  quickly  than  pure  steel.  .(Faraday  k 
Stoddart.) 

F.  Sulphide  of  Nickel  and  Iron. — Ironrnickel  Pyrites  {E%»enr- 
nickelkies), — Crystalline  masses,  with  cleavage-planes  parallel  to  the  faces 
of  a  regular  octohedron.  Sp.  gr.  4-6.  Hu^ness  equal  to  that  of  mag- 
netic-pyrites. Colour  light  bronze-brown;  lustre  famtly  metallic.  Not 
magnetic.  The  pulverized  ore  was  freed  from  maffnetic-pyrites  by  the 
magnet,  previous  to  analysis;  it  is  likewise  mixed  with  copper-pyrites,-— 
hence  the  copper.  (Th.  Scheerer,  Fogg.  58,  315.) 


Iron-niciel  pyrite$. 

^f  6  •••..*.....< 

56-0        ....        41-95 

40-21 

INi 

•«.•              A«l*d              •»••              2«*lV              •••• 

21-07 

Cu  

•«»•                                       ••••                                           •••• 

1-78 

38  

480        ....        35-95 

36-64 

2FcS,NiS  ....      133-5        ....      10000        „...«.        9970 
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P.  Sulphate  op  Niceel-oxide  and  Ferrous  Oxide.— Forms  with 
water,  green  rhombic  crystals,  which  crumble  to  a  yellow  powder  when 
exposed  to  the  air.  (Link.  Crell,  Ann.  1796,  1,  31.) 


Nickel  and  Cobalt. 
Nickel-cobalt. — The  two  metals  easily  fuse  together. 

Other  Compounds  of  Nickel. 
With  Copper,  Mercury,  Silver,  Gold,  Platinum,  and  Palladium. 


Chapter  XXXV. 


COPPER, 


Proust  on  Copper.  Ann,  Ckim.  32,  26;  also  CrelL  Ann,  180O,  I,  3^*— 
J,  Phys.  51,  173;  also  Scher,  J.  8,  290. — J.  Fhyn.  53,  89;  also 
Scher,  J.  9,  388;  also  Gilb.  25,  164. — J.  Phya.  59,  393;  also  J.  Gehl. 
6,  552.— J^.  Phys.  79,  126. 

Karsten.     System  der  MetaUurgie,  5,  231;  also  Schw.  QQ^  255. 

Kane.     Ammoniacal  compounds  of  Copper.     Ann,  Ghim,  Phys,  72,  265. 


Synonymes.     Cuivre,  Eupfer,  Cuprum,  Venus. 

History. — Known  from  the  earliest  times;  the  name  is  derived  from 
that  of  the  island  of  Cyprus.  Many  of  its  compounds  have  been  most 
exactly  investigated  by  Proust. 

Sources. — As  native  copper.  IT  Large  masses  of  native  copper  have 
been  found  on  the  coast  of  Lake  Superior  in  North  America.  Forrest 
Shepherd  (Sill.  Am.  J,  [21,  4,  115)  describes  a  mass  found  on  the  south 
coast  of  that  lake,  near  the  mouth  of  the  river  Elm,  which  was  3^  feet 
long,  2^  feet  broad,  between  7  and  8  inches  thick,  and  weighed  1625 
pounds.  Its  surface  exhibited  specks  of  metallic  silver,  and  particles  of 
syenite  and  sandstone  were  found  in  its  cavities.  It  appeared  to  have 
been  transported  from  a  bed  of  greenstone  situated  eight  or  nine  miles 
to  the  southward,  in  which  masses  of  native  copper  are  found,  likewise 
dotted  with  silver.  Another  mass  previously  found  in  the  same  locality 
weighed  2200  pounds.  A  third  mass  weighing  110  pounds  is  mentioned  by 
Coidier  {Compt,  rend*  28,  161)  as  likewise  coming  from  the  shores  of 
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Lake  Superior.  0.  Jaokflon,  in  a  letter  to  Sillbnan  (Sill.  Am.  J.  [2], 
7,  286)  Bpeaka  of  a  mass  of  natire  copper  found  in  the  Cliff  mine  on  the 
Eagle  riyer,  which  weighed  50  tons.  Native  copper  is  also  fonnd  in  thin 
laminsB  in  the  decomposed  basalt  at  Rheinbreitenbach.  (Rhodius,  Ann, 
Pharm,  73,  212.)  A  large  vein  of  metallic  copper  has  lately  been  fonnd 
near  Harlech,  North  Wales.  T 

Copper  likewise  occurs  in  the  forms  of  cuprous  and  cuprio  oxide;  as 
carbonate,  phosphate,  sulphate,  hydrochlorate,  silicate,  vanadiate  and 
arseniate  of  cupric  oxide;  as  a  compound  of  peroxide  of  manganese  with 
cuprio  oxide;  as  disulphide  and  protosulphide  of  copper;  as  sulphide 
in  union  with  the  sulphides  of  other  metals;  in  Copper-bismuth-ore^ 
Needle-ore,  Tin-pyrites,  Tennantite,  Fahl-ore  or  Grey  Copper,  Bour- 
nonite,  Cupriferous  Sulphide  of  Antimony,  Black  Copper  ore  {Oraur- 
ffultigerz),  White  Silver  ( Weissffiiltigerz),  Purple  Copper,  Copper-pyrites, 
sulphide  of  copper  and  silver,  &c.;  as  selenide,  alone  and  in  combina- 
tion with  selenide  of  silver.  To  the  amount  of  0*1  to  0*2  per  cent,  in 
many  specimens  of  meteorie  iron;  in  very  small  quantity,  according 
to  Berzelius  {Pogg.  48,  150),  in  the  Saidscbiitz  water;  it  has  likewise 
been  found  in  many  other  mmeral  waters  {yid,  Liebig  &  Kopp's  Jahrefber, 

1,  1013-1018);  in  many  kinds  of  mould  and  in  plants  growing  therein. 
IT  Copper  has  also  been  found  in  sesrweed  (Malaguti,  Durocher,  and 
Sarzeau,  N.  Ann,  Chim,  Phys.  28,  129),  a  fact  which  proves  its  existence 
in  sea-water; — in  the  blood  of  various  Ascidia  and  Cephalopoda  (Harless, 
Chem,  Oaz.  1 848, 214),  and  in  very  small  quantity  in  the  bodies  of  animals 
of  higher  organization,  including  man  {L,  ds  K.  Jakresber,  1,  871,  874; 

2,  530).  According  to  Walchner  (CompL  rend,  23,  12),  copper  is  as 
widely  distributed  in  nature  as  iron,  smail  quantities  of  it  (and  likewise 
of  arsenic)  being  invariably  found  in  iron  ores,  in  all  soils  and  mineral 
waters  which  contain  iron^  and  even  in  meteoric  iron.  {Vid,  IV,  250.)  IT 

Preparation, — 1 .  From  cuprous  oxide  and  carbonate  of  cupric  oxide, 
by  fusion  with  charcoal  and,  when  necessary,  with  a  flux,  either  in 
smelting  or  in  reverberatory  furnaces. 

2.  Sulphide  of  copper,  either  pure  or  mixed  with  other  metallic 
sulphides,  is  repeatedly  roasted,  whereby  the  sulphur  and  arsenic  con- 
tained in  it  are  volatilized,  and  the  iron  converted  into  oxide.  In  the 
fusion  which  follows  this  cfldcination,  the  iron  passes  into  the  slag  in  the 
form  of  ferrous  silicate,  and  the  copper  collects  beneath  the  slag  in  the 
state  which  is  technically  called  Coarte  Metal:  this  usually  contains 
the  whole  of  the  copper  in  the  form  of  disulphide,  together  with  smaller 
quantities  of  the  sulphides  of  lead,  iron,  and  other  metals.  By  repeated 
calcination  of  the  coarse  metal,  followed  by  fusion  with  quartz-sand  and 
eharcoal,  there  are  obtained:  1.  Slag  mainly  consisting  of  monosilicate  of 
ferrous  oxide;  2.  Coarse  metal,  which,  by  repeated  roajrtring  and  fusion,  is 
converted  into  slag  and  blue  metal;  3.  At  the  bottom:  dark<-co1oured, 
slightly  ductile  metal  called  Coarn  Copper  or  Blue  Metal  (Sehwarzkupfer) 
mixed  with  zinc,  tin,  lead,  iron,  vanadium,  antimony,  arsenic,  sulphur, 
he,  according  to  the  nature  of  the  ore.  This  latter  product  is  purified  or 
refined  by  keeping  it  for  a  long  time  in  a  state  of  fusion  in  contact  with 
air  in  the  Rrfining  Furnace,  whereby  the  foreign  metals  and  the  sulphur 
are  oxidated  more  quickly  than  the  copper,  and  partly  volatilized,  partly 
run  off,  mixed  with  cuprous  oxide,  as  refinery  slag,  if  the  coarse  copper 
contains  silver  or  gold,  it  is  subjected  before  refining  to  the  process  called 
in  Germany  the  Saigerarbeit,  (vid.  Silver.)    The  r$fined  copper  {Oar*- 
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hu^fer)  thus  obtained,  as  well  aa  tbat  prepared  by  (1 ),  is  taken  ont  in  cakes 
in  proportion  as  it  solidifies  in  round  masses  from  top  to  bottom.— -Refined 
copper  may,  if  the  refining  process  baa  not  been  continued  long  enough, 
still  contain  sulphur  and  foreign  metals,  or  if  the  action  of  the  air  has  been 
too  long  continued,  it  may  be  intimately  mixed  with  cuprous  oxide  or  a 
compound  of  antimonio  oxide  with  cuprous  oxide  (CoppeiMmea^  which 
makes  it  dark  red,  crystalline,  and  loittle  in  the  eold:  Dry  Copper.  To 
free  it  from  these  impurities,  it  is  thoroughly  fused  with  charcoal,  whereby 
it  is  converted  into  toughened  copper  {hammergareB  Kupfer),  In  Germany, 
the  copper  is  fused  with  charcoal  and  the  fire  urged  with  the  bellows;  if 
the  action  goes  on  too  long,  the  cuprous  oxide  first  decomposed  by  the 
charcoal  is  reproduced  and  the  copper  becomes  charged  with  it,  or  over- 
refined.  In  England,  the  copper  is  fused  in  a  reverberatory  furnace,  under 
a  layer  of  charcoal  powder,  and  frequently  stirred  up  with  birch- stems 
(poling)  which  causes  an  escape  of  gas;  if  the  fusion  be  too  long  con- 
tinned,  the  copper  takes  up  carbon  and  acquires  a  pale  yellowish-red 
colour,  at  the  same  time  becoming  fibrous,  and  more  brittle  than  when  it 
contains  cuprous  oxide;  this  carbonized  metal  is  called  over-refined  or 
over-poled  Copper. 

i  A  new  method  of  smelting  copper-ores  has  lately  been  introduced 
by  Rivot  and  Phillips.  It  consists  in  completing  the  extraction  of  the 
copper  by  means  of  metallic  iron,  affcer  the  greater  part  has  been  separated 
by  the  ordinary  process  of  reduction  with  coal  or  charcoal.  Napierj 
(Dingl.  pol,  J.  27,  293)  had  shown  that  copper  may  be  precipitated  from 
fused  silicates  eontaining  it,  by  the  action  of  the  electric  current,  the 
mineral  being  fused  in  a  ohMsk-Iead  crucible  connected  with  the  positive 
pole  of  the  battery,  and  the  negative  pole  being  formed  of  an  iron  plate 
dipping  into  the  fased  mass.  It  was  afterwards  found  by  numerous 
experiments  made  at  the  Ecole  des  Mines  in  Paris,  that  metallic  iron 
alone,  without  the  aid  of  the  battery,  is  capable  of  precipitating  copper 
from  silicates  in  a  state  of  fusion,  just  as  it  does  from  saline  solutions  at 
ordinary  temperatures.  In  applying  this  method  to  practice,  however,  it 
was  found  that  the  expenditure  of  iron  would  be  too  heavy;  hence  the 
modification  above  noticed  was  adopted,  of  only  using  the  iron  to  complete 
the  reduction. — ^The  process  is  ae  follows:  The  ore  is  pounded,  roasted  in 
the  calcining  furnace,  and  then  heated  till  all  the  sulphates  are  deeomr 
posed;  by  this  means  nearly  ail  the  sulphur  is  expelled.  The  roasted  ore 
is  then  fused  with  lime  and  non-bituminous  coal.  The  fusion,  which  must 
be  quickly  conducted,  yields  two  products,  viz.,  reduced  copper  at  the 
bottom,  and  a  fused  mass  of  slag  or  silicate  (called  the  bath)  floating  on 
the  top;  this  contuns  the  remainder  of  the  copper,  usually  from  2  to 
2|-  pts.  in  a  thousand  (T  in  a  hundred).  This  residual  portion  of  coppeif 
is  precipitated  by  the  immersion  of  iron  bars  into  the  melted  slag:  the 
reduction  occupies  from  3  to  4  hours  for  a  charge  of  5  ctr.  The  slag,  after 
this  treatment,  still  retains  from  0*005  to  0-0065  copper;  the  coppec 
yielded  by  it  is  i^o  contaminated  with  0*004  iron  and  sulphur,  and  stiU 
requires  refining.  The  estimated  saving  by  this  process,  as  compared 
with  the  ordinary  method  under  given  circumstances,  is  about  17  per 
cent.  (L.  <tK.  Jahreab.  1,  1021.) 

[For  other  improvements  in  the  smelting  of  copper,  vid.  Chem.  Qaxt^ 
1848,  491;  1149,  47  and  413.  For  analyses  of  coppernslagB,  md.  Fields 
{Chm.  Soc,  Q.  J.  2,  220).]  1 

3.  From  water  containing  sulphate  of  copper,  the  copper  is  precipi- 
tated by  metallic  iron  (Cdment^kup/er).    This  process  is  applied  to  ibe 
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water  from  mines,  in  which  cnpric  sulphate  is  produced  hy  the  weathering 
of  ores  containing  sulphide  of  copper,  and  likewise  to  the  ley  ohtained  hy 
roasting  ores  of  this  nature  and  exhausting  the  product  with  water. 

a.  is  Swedish  copper  (Scheibetirkupfer). — b,  from  Mansfeld  (v.  Kobell, 
J.  pr.  Chem.  1,  872). — e.  Copper  from  Switzerland,  distinguished  hy 
peculiar  softness  and  malleahiiity,  partly  attributable  perhaps  to  the 
potassium  which  it  contains.  (Berthier,  Ann.  Chim,  Phys.  44,  120.) 
d.  Native  copper  from  Brazil,  sp.  gr.  8*962.  (Marchand  &  Scheerer, 
J.  pr.  Chem.  27,  193.) 

a,  h,  e,  d, 

Cu   98-655  ....  98-251        ....                      ....        99*56 

V%    0-055  ....  0-131        ....         0-17      ....          0-10 

Ki    ....  0-236 

Pb    0-751  ....  1092       ....                     Au          008 

Ag   0-226  ....  0-135       ....                      ....          0-30 

K 0116  ....  ....         0*38 

Ca    0095)  n.ift*       ....  0-33 

Mg 0'033/  •  "  ^"' 

Al    0-021  ....  0-048 

Si 0-048 

100-00       Z.       100-000       Z  Z       100-04 

[For  analyses  of  copper  containing  nickel,  vid,  Jdkrtd)er.  L,  k  K. 
1847-8,  1038.] 

Karsten  never  found  sulphur  in  toughened  copper. — The  Japanese 
copper  is  nearly  pure;  other  kinds,  which  are  less  pure,  may  be  freed  from 
the  other  ignoole  metals,  by  ignition  for  half-an-honr  with  one-third  of 
their  weight  of  nitre  in  a  covered  Hessian  crucible.  (Lampadius.) 
IT  Percy  (Chem.  Oca,  1849,  47)  has  examined  copper  mixed  with  phoa- 
phorus  by  fusion;  he  found  in  two  specimens,  0-93  and  2*41  phosphorus 
together  with  1*99  and  2-41  iron  (arising  from  stirring  the  fused  metal 
with  an  iron  rod).  The  copper  thus  alloyed  was  distinguished  by  peculiar 
hardness,  and  its  malleability,  though  less  thau  that  of  ordinary  copper, 
was  not  impaired  to  a  degree  corresponding  to  the  increase  of  hardness.  T 

Properties, — The  crystals  of  native  copper,  and  likewise  those  ohtained 
by  fusion,  belong  to  the  regular  system.  Fig,  1,  2,  3,  4,  5,  8,  and  11. 
Iiany  likewise  found  native  copper  in  the  form  of  Fig,  138,  and  Seebeck 
found  in  Hermbstadt*s  collection,  artificial  crystals  apparently  belonging 
to  the  rhomboidal  system.  It  has,  however,  been  snown  hy  Haidinfi;er 
and  G.  Rose  {Pogg,  23,  197;  55,  331),  that  these  forms  are  macled 
crystals  of  the  pyramidal  cube,  and  therefore  belong,  like  the  others,  to 
the  regular  system. — ^When  a  dilute  solution  of  copper  is  left  for  some 
time  in  contact  with  wood,  the  copper  is  sometimes  dex>osited  from  the 
liquid  in  cubes,  octohedrons,  and  long  four-sided  prisms  (elongated  cubes) 
acuminated  with  4  (octohedral)  faces  resting  on  the  edges.  (Wagner, 
Schw,  47,  325.)  In  other  cases,  the  wood  precipitates  the  copper  in  thin 
ductile  plates  with  warty  surfaces.  (Clement,  Ann,  Chim,  Phy»,  27^  440; 
also  Schw,  44,  86;  Bischof,  Pogg.  3,  195.)  Copper  in  the  massive  state,  is 
very  hard  and  elastic  and  strongly  sonorous;  it  has  considerable  tough- 
ness, may  be  beaten  out  into  very  thin  leaves,  and  drawn  out  into  veiy 
fine  wire;  its  fracture  is  red,  shining,  indented,  and  sliehtly  granular; 
after  hammering,  it  exhibits  a  sinewy  fracture,  with  alight-red,  silky 
radiance.  The  greater  the  purity  of  copper,  the  greater  is  its  malleability 
and,  generally  speaking,  its  softness,  and  the  less  heat  does  it  require  to 
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deprive  it  of  the  brittleness  produced  by  beating.  Copper  contaminated 
with  other  metals  exhibits,  not  an  indented,  bat  a  scaly,  granular  fracture 
with  but  little  lustre,  and  after  hammering,  a  scaly,  dingy-red  fracture, 
also  with  but  feeble  lustre.  (Karsten.)  For  the  effect  of  particular  impu- 
rities, vid.  Copper  and  Carbon;  Cu.  and  Potassium;  Cu.  and  Arsenic; 
Cu.  and  Antimony;  Cu.  and  Bismuth;  Cu.  and  Zinc;  Cu.  and  Tin;  Cu. 
and  Lead;  Cu.  and  Iron.  Sp.  gr.  of  native  crystallized  copper,  8'd4;  of 
copper  precipitated  by  the  electrotype  process,  8*914;  of  pure  copper  after 
fusion,  8*921;  of  unignitcd  copper  wire,  from  8*939  to  8*949;  of  ignited 
wire,  8*930;  of  flattened  wire,  8*951;  of  copperplate  formed  by  rolling 
and  afterwards  hammered,  8*952,  &c.,  &c.  (Marchand  and  Scheerer, 
J.  pr.  Chem.  27,  193.) — Since  copper  in  fusing  takes  up  oxygen  from  the 
air,  which  it  afterwards  gives  off  on  solidifying,  it  generally  contains  air- 
cavities  within  its  substance,  which  diminish  its  specific  gravity;  and  as 
these  cavities  aro  diminished  in  size  by  the  subsequent  hammering, 
rolling,  or  wire-drawing,  the  specific  gravity  of  the  copper  is  thereby 
increased.  As  this  circumstance  was  formerly  not  sufficiently  attended 
to,  it  was  supposed  that  copper  increased  considerably  in  density  by 
working  {vid,  infra).  But  copper  fused  under  common  salt,  which 
prevents  th^  absorption  of  oxygen  from  the  air,  has  a  density  of  8*921, 
which,  by  a  pressure  of  300,OOo£s.  in  the  hydraulic  press,  is  increased  only 
to  8*930,  an  increase  so  slight,  that  it  is  probably  due,  not  so  much  to  an 
actual  approximation  of  the  atoms  of  the  metal,  as  to  the  diminution  of 
hollow  spaces  still  remaining  in  it.  (Scheerer  &  Marchand.) — Older 
determinations  of  the  specific  gravity  of  copper :  Fused,  8*788;  hammered 
8*878  (Brisson);  fused,  8*85;  hammered,  8*95  (Berzelius);  fused,  8*90 
(Herepath);  fused,  8*8969;  after  ignition  and  fusion  with  charcoal,  8*926; 
after  fusion  in  the  air,  8*6345  (Karsten).  Copper  is  especially  distin- 
guished by  its  red  colour. 

In  the  finely-divided  state,  copper  is  a  soft,  dark-red,  dull-looking 
powder,  which,  if  pressed  together  while  red  hot,  welds  together  into  a 
compact  mass. — ^Pulverulent  copper  is  obtained:  1.  By  reducing  the 
carbonate  at  a  very  gentle  heat  in  an  atmosphere  of  hydrogen.  (Osann, 
Poffff.  52,  406.) — 2.  By  boiling  a  concentrated  solution  of  blue  vitriol  not 
containing  free  acid,  with  distilled  zinc.  As  soon  as  the  liquid  loses  its 
colour,  which  it  does  in  a  short  time,  the  zinc  is  removed,  and  the  copper 
powder  well  boiled  with  dilute  sulphuric  acid,  then  washed  uninterruptedly 
with  water,  pressed  between  bibulous  paper,  and  dried  at  75^,  or  in  a 
warm  retort  through  the  tubulure  of  which  a  stream  of  hydrogen  is 
passed.  TBottger,  Ann,  Fharm,  39,  172.) — 3.  By  igniting  a  mixture  of 
5  pts.  dichloride  of  copper,  and  6  dry  carbonate  of  soda  with  sal- 
ammoniac,  and  afterwards  exhausting  with  water.  (Wbhler  &  Liebig, 
Fogg.  21,582.) — Pulverulent  copper,  after  being  pressed  together,  may  be 
welded  in  the  same  manner  as  platinum  by  Wollaston*s  method,  with  the 
precaution,  however,  of  saturating  it  with  oil  before  eacU  ignition,  to 
prevent  the  formation  of  oxide.  (Fournet,  Ann,  Chim.  Phys,  75,  435.) 
On  this  welding  property  of  copper,  is  founded  Osann's  method  of  obtain- 
ing impressions  in  copper  by  pressure  and  ignition.  {Pogg.  52,  406.) 

Copper  melts  at  1207°  f  Guy  ton  Morveau),  at  1398**  (Daniell),  more 
easily  than  gold,  less  easily  tnan  silver,  and  in  the  fused  state,  exhibits  a 
bluish-green  colour.  It  expands  in  solidifying. — On  the  mirror-surface 
of  melted  copper,  a  number  of  dull  stellate  spots  quickly  form  and  dis- 
appear again,  as  long  as  it  continues  in  the  liquid  state.  (Karsten.^—* 
— Copper  containing  rod  oxide  fuses  more  readily  than  pure  copper,  out 
VOL.  v.  2d 
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does  not  form  so  ihm  a  liquid,  flowing  on  the  oontrary  in  thicker  streams, 
which  solidify  more  slowly;  the  dull  spots  on  the  surface  are  larger,  do 
not  exhihit  the  same  active  movement,  and  go  on  increasing  till  the 
surface  is  solidified.  If  the  proportion  of  red  oxide  is  large,  the  mass 
does  not  expand  in  solidifying.  An  admixture  of  0*1  per  cent,  of  potas- 
sium, zinc,  or  lead,  is  likewise  sufficient  to  prevent  expansion  in  solidifying. 
Copper  containing  carbon  behaves  in  the  fused  state  like  pure  copper,  but 
the  motion  of  the  spots,  as  they  appear  and  disappear,  is  still  more  lively. 
(Karsten.) 

Copper  exposed  to  the  air  while  in  the  melted  state,  absorbs  a  small 
quantity  of  oxygen,  which  escapes  again  as  the  metal  solidifies,  and 
sometimes  makes  the  copper  poroas,  sometimes,  on  sudden  cooling,  breaks 
through  the  crust  already  formed  on  the  surface,  and  produces  spitting  or 
projection  of  the  copper  {das  SprUzen  oder  Spratzen  des  Kupfers).  This 
tact,  first  asserted  by  Lucas,  and  afterwards  denied  by  Chevillot  and 
Schweigger-Seidel  (Jychw.  53,  1 95),  is  established  by  the  following  obser- 
vations: Copper  kept  in  a  state  of  fusion  in  the  air,  and  then  poured  into 
water,  produces  violent  detonations,  an  effect  which  is  not  produced  if 
the  copper  be  previously  fused  for  half  an  hour  under  a  layer  of  charcoal 
powder;  in  the  former  case,  the  copper  is  brittle  [from  the  presence  of 
red  oxide?],  in  the  latter,  ductile.  (Lucas,  Ann.  Chim.  Phys.  12,  402.) 
Fearful  explosions  are  likewise  produced  by  pouring  water  on  the  surface 
of  melted  copper  before  it  solidifies.  Copper  which  spits  after  refining 
— in  which  case  small  granules  of  metal  are  thrown  up  to  the  hei^t  of 
8  inches  (Gilbert,  Gilh.  37,  378^ — ^is  brittle,  whereas  that  which  does  not 
spit  is  ductile.  (Schweigger-Seidel.)  —  When  copper  spits,  the  hissing 
noise  of  the  evolved  gases  is  distinctly  heard.  (Marx,  Schw,  55,  108.) — 
When  copper  is  fused  under  a  layer  of  common  salt,  it  exhibits  a  smooth 
surface  after  solidification,  and  no  hollow  spaces  when  sawn  through;  but 
copper  fused  under  a  layer  of  fluorspar,  or  fluorspar  with  glass,  borax 
with  glass,  or  carbonate  of  soda  with  glass,  exhibits  vacant  spaces  close 
under  the  surfietce  when  sawn  through,  and  warty  elevations  on  the  sur- 
face corresponding  to  these  cavities;  if  it  be  slowly  cooled  after  fusion, 
the  cavities  are  less  considerable,  and  consequently  the  specific  gravity  is 
higher,  but  still  below  the  true  specific  gravity  of  the  solid  metal.  Com- 
mon salt  forms  a  well -fused  covering,  which  appears  to  prevent  com- 
pletely the  access  of  air ;  but  fluorspar,  or  a  mixture  of  that  substance 
with  glass,  does  not  fuse  perfectly,  and  therefore  does  not  prevent  the 
contact  of  the  air.  When  a  mixture  of  borax  or  carbonate  of  soda  with 
glass  is  used,  it  may  be  supposed  that  the  copper  takes  oxygen  from 
these  compounds  [or,  perhaps,  that  these  fluxes  take  up  oxygen  from  the 
air  and  transfer  it  to  the  copper].  (Marchand  &  Scheerer,  J.  pr,  Ghem. 
27,  105.) 

Copper  boils  at  an  intense  white  heat,  e.g,^  before  the  oxy-hydrogen 
blowpipe. 

Compounds  of  Copper, 

Copper  and  Oxyoek. 

1.  Copper  in  the  massive  state  does  not  oxidate  at  ordinary  tempera- 
tures in  dry  air,  or  even  in  damp  air,  unless  carbonic  acid  is  present. 
When  heated  to  redness,  its  surface  assumes  a  yellow,  and  then  a  violet 
tint,  and  afterwards  becomes  covered  with  a  black  crust,  which  consists 
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of  protoxide  withoni  and  dioxide  within^  and  fiiUs  off  in  ^cides  when  the 
metal  is  saddenly  cooled  in  water;  JSccde-oxide  cf  Copper.  Copper  plate 
kept  at  a  bright  red  heat  for  4— •?  hours  in  a  mnffle-tube,  is  for  the  most 
part  converted  merely  into  dioxide ;  it  is  onlj  when  the  metal  in  the 
inner  part  has  completely  disappeared,  that  a  larger  proportion  of  prot>> 
oxide  is  formed.  (Anthon,  Bepert,  76,  2]  6.)  Finelj-diYided  copper  takes 
fire  in  the  air  at  a  temperature  considerably  below  redness,  and  is  con^ 
Terted  into  protoxide. — When  copper  is  fused  in  the  air  in  considerable 
quantities,  large  crystals  of  the  dioxide  are  often  formed.  (Mitsoherlich.) 
Copper  kept  at  a  white  heat  till  it  boils,  bums  with  a  light  green  flame^ 
and  is  oonyerted  into  protoxide:  Flowen  of  Copper,  Flares  Cupri,--^ 
2.  In  contact  with  water  and  air  containing  carbonic  acid,  copper  becomes 
tarnished,  first  with  a  blackish-grey,  and  then  with  a  bluish-green  colours 
Copper-rtist,  also  the  so-called  Verdigris.  (Bonsdorff,  Fogg.  43,  387.) 
Copper  which  has  been  buried  for  centuries  in  damp  earth,  is  found  to  be 
converted  externally  into  carbonate  of  the  protoxide  {Aerugo  riobilis),  and 
internally  into  crystalline  dioxide.  Green  carbonate  of  the  protoxide  soon 
shows  on  the  outside,  dioxide  beneath  that,  and  unaltered  metal  in  most  of 
all.  (Nbggerath,  Sckw.  43,  129.)  According  to  Becquerel  {Ann.  Chim, 
Phys.  51,  106),  green  and  blue  carbonate  soon  forms  on  the  outside,  while 
the  inner  portion  is  almost  wholly  converted  into  cubes  and  cubo-octohe- 
drons  of  the  dioxide. — In  a  dilute  solution  of  caustic  potash,  in  which  iron 
remains  bright,  copper  becomes  oxidized,  and  with  peculiar  rapidity  at 
those  parts  where  it  is  in  contact  with  air  and  water  at  the  same  time. 
(Payen,  J.  Ckim.  Mid.  9,  205.)  Copper  wetted  with  strong  potash-  or 
soda-ley,  acquires  a  brown-black  colour  by  exposure  to  the  air  for  a  few 
hours — ^more  slowly  when  moistened  with  a  dilute  solution ;  still  more 
slowly  when  it  is  immersed  in  a  dilute  alkaline  solution  placed  in  an  open 
vesseji,  but  even  then  more  quickly  than  in  pure  water.  In  water  con- 
taining -^^  part  of  caustic  potash,  the  blackening  takes  place  in  a  few 
days;  in  a  very  dilate  solution  of  potash,  the  alteration  produced  is  but 
slight;  and  in  lime-water,  even  when  diluted  with  twice  its  own  volume 
of  water,  the  copper  retains  its  lustre.  (A.  Vogel,  J.  pr.  Chem.  14,  107.) 
"^Copper  oxidizes  readily  in  saline  solutions;  less  easily  when  carbonate 
of  potash  is  added  to  the  liquid.  In  a  solution  of  common  salt  mixed 
with  carbonate  of  soda,  it  becomes  covered  in  a  few  days  with  a  brown 
film  of  dioxide,  whereby  it  is  bronzed.  (Wetzlar,  Sehts.  49,  488).— 8.  At 
a  white  heat,  copper  slightly  decomposes  vapour  of  water,  very  slowly 
forming  a  small  quantity  of  protoxide.  (Regnault,  Ann.  Ckim.  Phys, 
62,  364.)  It  does  not  liberate  hydrogen  gas  when  boiled  with  hydro- 
chloric acid  (A.  Vogel,  Schw.  32,  301),  or  with  dilute  sulphuric  acid.^^ 
4.  It  decomposes  heated  oil  of  vitriol  and  nitric  acid,  liberating  sulphur- 
ous acid  in  the  one  case,  and  nitric  oxide  in  the  other,  and  forming  a  salt 
of  the  protoxide. 

A.  Cuprous  Oxidb.    Cu*0. 

Di-oxide  of  Copper,  Oxyde  Cuivreux,  Red  Oxide  of  Copper,  Rothes 
Kupferoxyd,  Protoxide  de  Cmvre.— Found  native  in  the  form  of  Red 
Copper-ore,  which  appears  to  have  been  formed  by  oxidation  of  copper  in 
the  humid  way. 

Preparation.'-^l.  By  exposing  very  thick  copper  wires  under  the 
muffle,  first  for  half  an  hour  to  a  white  heat,  and  then  for  several  hours 

2  d2 


404  COFPEIU 

to  a  diill  red  heat.      The  cuprous  oxide  is  deposited  on  the  remain* 
ing  button  of  metal  in  black  masses  of  crystals,  which  yield  a  purple-red 
powder.    (Marchand,  J.  pr.   Chem.  20,  505.)— 2.  One  part  of  finely- 
divided  metallic  copper  obtained  by  precipitation  with  iron,  is  mixed 
with  \\  pt.  cupric  oxide,  and  exposed  in  a  close  vessel  to  a  low  red  heat 
(Chenevix);  or  copper  plate  is  arranged  in  alternate  layers  with  cupric 
oxide  and  ignited, — after  which  the  superabundant  metal  may  be  easily 
separated  from  the  red  oxide.  (Berzelius.) — 3.  A  mixture  of  24  parts  of 
dehydrated  blue  vitriol,  and  29  parts  of  copper  filings,  is  heated  in  a 
porcelain  retort  or  a  well-closed  crucible — whereupon  sulphurous  acid  is 
evolved — and  the  vessel  is  not  opened  till  perfectly  cold.    The  red-brown, 
granular  mass  thus  obtained,  yields  a  red  powder,  and  is  free  from  snl- 
phur  and  metallic  copper.   (Ullgren,  Pogg,  55,  527.) — 4.   By  heating 
100  parts  of  crystallized  blue  vitriol  with  57  parts  of  crystallized  mono- 
carbonate  of  soda,  till  the  water  of  crystallization  is  expelled — mixing 
the   powdered  residue   with  25  parts  of  copper  filings — ^stamping  the 
mixture  closely  into  a  crucible— exposing  it  for  20  minutes  to  a  white  heat 
— and  washing  the  mass,  after  cooling  and  pulverization,  with  water. 
This  process  yields  about  50  parts  of  fine-coloured  red  oxide.     If  twice 
the  quantity  of  carbonate  of  soda  is  used,  sufiicient,  that  is  to  say,  to 
take  up  all  the  sulphuric  acid,  the  dioxide  obtained  is  mixed  with  prot- 
oxide. (Malaguti,  Ann,  Ckim.  Fhys.  54,  216;  also  «r.  pr.  Chem.  2,  167.) 
— 5.  A  mixture  of  5  pts.  dichloride  of  copper  (prepared  by  evaporating  a 
solution  of  the  protochloride,  and  fusing  the  residue  in  a  crucible)  and 
3  pts.  anhydrous  carbonate  of  soda,  is  fused  at  a  gentle  heat  in  a  covered 
crucible,  and  the  residue  exhausted  with  water.  (Wohler  k  Liebig,  Fogg. 
21,  581.) — 6.  Dichloride  of  copper  is  decomposed  with  aqueous  carbonate 
of  potash  in  a  closed  retort;  the  precipitatea  cuprous  hydrate  washed  in 
the  retort  with  well-boiled  water,  the  air  being  carefully  excluded;  and 
then  heated  in  the  retort.  (Proust.) — ^7*  Hydrated  protoxide  of  copper  is 
heated  in  a  solution  of  sugar  containing  potash.     The  hydrate  grsulually 
dissolves,  and  immediately  falls  down  again  in  the  form  of  [hydrated  )] 
yellow  dioxide,  being  reduced  to  that  state  by  the  sugar.  fHunton,  Phil. 
Mag.  J.  11,  154.) — Or,  more  conveniently:  An  aqueous  solution  of  1  pt. 
blue  vitriol  and  1  pt.  sugar  is  heated  with  a  sufficient  quantity  of  soda  to 
redissolve  the  precipitated  cupric  hydrate,  and  the  blue  liquid  gently 
warmed.     The  cuprous  oxide  is  then  precipitated,  free  from  water,  in  the 
form  of  a  powder  which  presents  a  crystalline  appearance  when  examined 
by  the  microscope.  (Mitscherlich,  J.  pr.  Cli^m.  19,  450.) — Or  a  cold  satu- 
rated solution  of  blue  vitriol  is  poured  into  potash-ley;  9  parts  of  the 
resulting  hydrate — after  being  washed  upon  linen,  and  pressed  to  free  it 
from  the  greater  part  of  the  liquid— diffused  by  agitation,  while   yet 
moist,  through  a  solution  of  27  pts.  sugar  and  60  pts.  water;  a  solution 
of  J  8  pts.  potash-hydrate  in  60  pts.  water  is  then  added  to  the  liquid;  the 
whole  agitated  and  filtered  through  linen;  and  the  dark  blue  liquid  heated, 
with  constant  stirring,  in  the  water-bath, — whereupon  it  is  decomposed 
and  yields  a  deposit  of  fine-coloured,  red  cuprous  oxide.     The  product  is 
washed  with  water,  pressed  between  paper,  and  carefully  dried.  (Bottser. 
Ann.  Pharm.  39,  176.)  \        ^     > 

Properties. — Cuprous  oxide,  both  natural  and  artificial,  crystallizes  in 
forms  belonging  to  the  regular  system.  Figs.  1,  2,  3,  4,  5,  6,  8,  and 
others;  cleavage  parallel  to  o.  Phillips  (A  7m.  Phil.  17, 150),  by  strongly 
igniting  artificial  cuprous  oxide  in  a  crucible,  obtained  alternate  layers  of 
c(»pper  and  cuprous  oxide,  the  latter  crystaUized  in  cubes  and  octohedrons. 
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Harder  than  calcspar.  Sp.  gr.  of  the  native  oxide  5-3  (P.  Boullay);  of 
very  pure  crystals  5*749  at  4°  in  vacuo  (Royer  &  Dumas);  5-751  (Kar- 
sten);  6*093  (Herapath).  Lustre  adamantine^  inclining  to  semi-metallic; 
colour  brownish  cochineal-red.  The  powder,  whether  of  the  natural  or 
artificial  crystals,  has  a  carmine  colour,  which  is  brighter  as  the  oxide  is 
purer. 

Copper-bloom,  which  likewise  consists  of  cuprous  oxide,  and  is  classed 
among  red  copper-ores,  is  found  in  carmine-coloured,  capillary  crystals, 
which,  according  to  G.  Suckow  {Pogg.  34,  528),  are  six-sided  prisms 
perpendicularly  truncated,  with  cleavage  parallel  to  the  faces  of  a  rhombo* 
hedron,  and  the  angles  at  the  terminal  edges=99^  15'.  Karsten  {Schw, 
47,  204)  found  in  the  ore  from  Rheinbreitenbach  a  small  quantity  of 
selenium;  but  according,  to  Suckow,  the  purer  crystals  are  cuprous 
oxide,  onl^  those  which  are  tarnished  containing  1  per  cent,  of  selenium 
and  arsenic. 

Berzelios.  Cheneviz.  Proast. 

2Cu 64     ....    88-89     88*89   to   88*97     ....     88'5     ....    86*2    to   85*5 

0 8     ....     11-11     IMl    „    11-03     ....     11*5     ....     13-8    „    14*5 

Cu«0  ....     72     ....  100-00    100-00    „  100-00    ....  100*0     ....  100*0    „  100-0 

(Cq«0  =  2  .  395-7  + 100  =  891*4.    Berzclras.) 

Decompositions,  Reduced  to  the  metallic  state  by  gentle  ignition  with 
charcoal  or  hydrogen  gas;  also  by  potassium,  somewhat  above  the  melt^ 
ing  point  of  the  latter,  and  with  evolution  of  light  and  heat.  By  the 
action  of  aqueous  sulphuric  or  phosphoric  acid,  or  of  cold,  very  dilute 
nitric  acid,  it  is  resolved  into  metallic  copper,  which  separates  in  the  form 
of  a  red  powder,  and  cupric  oxide,  which  dissolves.  Bromine-water 
converts  it  into  bromide  of  copper  and  cnpric  oxide.  (Balard.) — The 
statement  of  Proust,  that  cuprous  oxide  is  converted  by  a  strong  heat 
into  a  brown  mixture  of  cupric  oxide  and  metallic  copper,  is  inconsistent 
with  the  above-described  methods  of  preparing  the  oxide  (1,  3,  4, 
and  5). 

Combinations. — a.  With  Water. — Hydrated  Cuprous  Oxidb,  or 
Cuprous  Hydrate. — 1.  By  decomposing  the  dichloride  of  copper,  or  the 
solution  of  that  compound  m  hydrochloric  acid,  with  excess  of  potash  or 
soda.  (Proust.) — By  heating  recently  precipitated  cupric  hydrate  with 
an  aqueous  solution  of  milk-sugar  containing  a  little  carbonate  of  soda,  to 
the  boiling  point  for  a  few  minutes,  till  it  assumes  an  orange-yellow 
colour,  then  diluting  with  water  and  washing.  (Bottger.) — Orange-yellow 
powder. — The  hydrate  prepared  by  (I)  when  heated  for  some  time  to  100% 
retains  its  water  and  its  colour,  becoming,  however,  somewhat  darker; 
at  360°  it  gives  off  its  water,  which  amounts  to  only  3  per  cent,  and  still 
retains  its  orange-yellow  colour,  which  does  not  change  to  red  till  the 
heat  is  increased  to  whiteness.  (Mitscherlich,  J,  pr,  CJiem.  19,  450.) — ^j 
exposure  to  the  air,  it  is  converted  into  hydrated  cupric  oxide. 

5.  With  a  few  acids,  forming  the  Salts  of  Cuprous  Oxide  or 
Cuprous  Salts. — Suhsalts  of  Copper. — Since  cuprous  oxide  is  decom- 
posed by  most  acids,  e.  g.  phosphoric,  sulphuric,  oxalic,  tartaric,  acetic, 
and  very  dilute  nitric  acid,  yielding  metallic  copper  and  cupric 
oxide,  which  dissolves,  and  is  moreover  oxidized  by  certain  other  acids, 
it  follows  that  very  few  cuprous  salts  are  known.  IT  According  to  Fremy 
(N.  Ann.  Ckim,  FJtys.  23,  391),  hydrated  cuprous  oxide,  as  obtained  by 
decomposing  the  solution  of  the  dichloride  in  hydrochloric  acid  with 
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earbonate  of  potash  or  soda^  dissolves  in  all  aeids,  eyea  ihe  weakest^  pro- 
ducing euprous  salts;  but  when  it  becomes  anhydrous— a  change  vhieh 
may  take  place  even  when  it  is  immersed  in  water,  and  under  circumstanoes 
not  yet  understood,  it  loses  this  basic  property,  and  is  decomposed  by  acids.  Y 
Cuprous  salts  are  either  colourless  or  red;  they  are  converted  into  cuprio 
salts  by  exposure  to  the  air  in  the  moist  state,  also  by  nitric  or  hypo- 
chlorous  acid.  With  hydrosulphuric  acid  or  hydrosulphate  of  ammonia, 
they  give  a  black  precipitate  of  disulphide  of  copper  insoluble  in  excess 
of  the  re-agent.  Fixed  alkalis  separate  orange-yellow  cuprous  hydrate. 
Ammonia  and  carbonate  of  ammonia  in  excess,  form  a  colourless  mixture, 
which  turns  blue  on  exposure  to  the  air.  Carbonate  of  potash  throws 
down  the  orange-yellow  hydrate;  iodide  of  potassium  :  brownish-white 
diniodide  of  copper;  ferrocyanide  of  potassium  :  a  white  precipitate 
which  become  brown-red  by  exposure;  and  ferricyanide  of  potassium^  a 
brown-red  precipitate. 

e.  With  Ammonia.*-^.  With  borax  and  glass-fluxes^  forming  red 
compounds. 

B.  Cuprio  Oxidb.    CuO. 

Protoxide  of  Copper,  Oxyde  Cuivrique,  Black  Oxide  of  Copper^ 
Schwaru9  Kupferoxydy  DetUoxyde  de  CWivre.— Found  native  in  the  form 
of  jBladk  Capper  {KupferMchwdrze), 

PreparcUion.-^!,  Bv  prolonged  ignition  of  copper  in  the  air, — 2.  By- 
raising  the  sulphate  of  cupric  oxide  to  an  intense  red  heat,  or  the  car- 
bonate or  nitrate  to  a  moderate  red  heat. — 3.  According  to  Ficinus,  this 
oxide  may  be  conveniently  prepared  by  exposing  a  mixture  of  1  pt. 
copper  filings,  and  2  pts.  deliquesced  cupric  nitrate  to  the  air,  till  the 
whole  is  converted  into  a  basic  salt,  and  then  igniting  that  salt. 

Properties, — Cupric  oxide  may  be  obtained  in  the  crystalline  state  hy 
heating  half  a  gramme  of  it  with  2  or  3  grammes  of  potash-hydrate  to 
commencing  redness,  washing  the  mass  when  cold  with  water,  and  sepa- 
rating the  floccnlent  cupric  oxide  from  the  crystalline  portion  by  leviga- 
tion. — The  crystallised  oxide  consists  of  regular  tetrahedrons  having  a 
strong  lustre.  (Becquerel,  Ann,  Chim.  Phys,  51,  122.) — Cuprio  oxide 
commonly  takes  the  form  of  brown -black,  brittle  scales  and  granules,  or 
of  a  brown-black  powder,  which,  when  strongly  heated,  assumes  for  a 
while  a  pure  black  tint.  Specific  gravity  6*401  (Herapath),  6*4304 
(Karsten).  Fuses  at  a  very  high  temperature,  and  solidifies  in  a  mass 
having  a  crystalline  fracture. 

BeneUiu.  Gay- 

Prouit.  e&rHer,  later.  Lonac. 

On 32      ....      80      ....      80     to     80*13      ....      79*825  ....      80*28 

O  8      ....      20      ....      20      „      19-87       ....      20175  ....       19*72 

CuO 40      ....     100      ....     100      „    100*00      ....     100000      ....     100*00 

(CuO  =  895*7  + 100  =  495*7.    BeneUus.) 

Dtfcompom^ton^.— -Reduced  to  the  metallic  state  by  gentle  ignition 
with  hydrogen  gas  or  charcoal.  It  is  very  easily  reduced  on  charcoal 
before  the  blowpipe.  If  its  powder  be  heated  in  a  spoon  to  a  tempe- 
rature short  of  redness,  and  then  introduced  into  a  vessel  filled  with 
hydrogen  gas,  it  is  reduced  to  the  metallic  state,  with  incandescence  and 
formation  of  water.  (Borzelius.)   The  lowest  temperature  at  which  enprio 
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oxide  can  be  reduced  by  hjdrogen  is  the  boiling  point  of  linseed  oil. 
(Schr otter.)  Cupric  oxide  is  likewise  reduced  to  the  metallic  state  bj 
potassium  and  sodium,  at  temperatures  somewhat  below  the  melting  points 
of  those  metals,  and  with  yivid  incandescence.  With  fused  cyanide  of 
potassium  it  yields  copper  and  cyanate  of  potash.  (Liebig.) — When 
gently  ignited  with  metallic  copper,  it  is  converted  into  cuprous  oxide.— 
With  phosphorus  at  a  red  heat,  it  yields  phosphide  of  copper  and  phos- 
phate of  cupric  oxide. — Mixed  with  phosphoric  oxide,  it  detonates  slightly 
on  the  approach  of  a  red-hot  coal,  and  is  conyerted  into  phosphate  of 
cupric  oxide  and  brightly-glowing  fused  globules  of  phosphide  of  copper* 
(Leyerrier.) — A  mixture  of  cupric  oxide  with  excess  of  sulphur  is  resolyed 
at  a  red  heat  into  sulphide  of  copper,  sulphurous  acid,  and  a  trace  of 
cupric  sulphate : 

2CaO  +  2S  =  Cu«3  +  SO^. 

If,  on  the  contrary,  the  cupric  oxide  is  in  excess,  cuprous  oxide  and  cupric 
sulphate  are  produced,  and  only  a  trace  of  sulphurous  acid,  excepting 
when  the  heat  is  raised  to  the  point  at  which  the  cupric  sulphate  is 
decomposed.  (Max  Jordan,  J,  pr.  Chem,  28,  222.) 

7CttO  +  S  =  CuO,  S0» + 3CuH). 

When  protoxide  of  copper  is  boiled  with  aqueous  protochloride  of  tin, 
bioxide  of  tin  is  precipitated,  and  dichloride  of  copper  dissolyed.  (Proust; 
A.  Vogel,  Kdstn.  Arch.  23,  85.) — Hydrated  protoxide  of  iron  and 
hydrated  protoxide  of  copper,  are  conyerted  by  mutual  decomposition 
into  hydrated  sesquioxide  of  iron  and  hydrated  dioxide  of  copper,  the 
latter  of  which  may  be  dissolved  out  by  ammonia.  (Level,  Ann,  Chim, 
Fhys.  60,  320;  also  J.  pr.  Ghem,  14,  115.) 

2FeO  +  2CuO  =  Fe208+  CtfO. 

In  presence  of  potash  or  soda,  and  with  the  aid  of  heat,  cupric  oxide  is 
decomposed  by  arsenious  acid,  the  products  being  cuprous  oxide  and 
arseniate  of  potash.  The  decomposition  is  effected  by  mixing  160  pts. 
(4  At.)  of  cupric  oxide  with  100  pts.  (rather  more  than  1  At.)  of  arsenious 
acid,  and  with  excess  of  soda,  and  digesting  the  mixture  at  a  gentle  heat, 
with  frequent  a^tation,  till  all  the  protoxide  of  copper  is  converted  into 
dioxide :  the  solution  contains  arseniate  of  soda : 

4CuO  +  AsC  =  2Cii«0  +  AsO*. 

When  ammonia  is  used  in  place  of  soda>  only  half  of  the  protoxide  of 
copper  is  conyerted  into  dioxide ;  the  rest  remains  dissolved  in  the 
ammonia,  forming  a  blue  solution,  and  no  decolorization  takes  place  till 
potash  or  soda  is  added.  A  mixture  of  arsenious  acid  with  carbonate  of 
potash  or  soda  or  quick-lime,  does  not  convert  the  protoxide  of  copper 
into  the  dioxide.  (Honnet,  Fogg,  37,  300.) — When  protosulphide  of  iron 
is  fused  with  protoxide  of  copper,  sulphide  of  copper  is  formed.  (Klarsten, 
Schw,  66,  401.) — Protoxide  of  copper  is  reduced  to  the  state  of  dioxide 
by  boiling  it  with  various  organic  substances,  e,  g,  with  oil  of  turpentine. 


CombinaUons.^^,  With  Water.  —  Hydrated  Cupric  Oxide,  or 
Cupric  Hydrate. — Formed  by  precipitating  a  dissolved  cupric  salt  in  the 
cold,  with  a  slight  excess  of  dilute  caustic  potash,  quickly  washing  the  blue 
precipitate  with  cold  water,  and  drying  it  at  the  ordinary  temperature  of 
the  air..    The  hydrate  generally  turns  black  from  admixture  of  anhydrous 
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capric  oxide^  even  daring  the  washing  and  drying.  According  to  Palm* 
stedt,  it  is  more  durable  when  obtained  by  the  action  of  caustic  potash  on 
carbonate  of  cupric  oxide  previously  well  washed  with  water. — After  dry- 
ing, it  forms  greenish-blue,  friable  lumps,  having  a  conchoidal  fracture; 
its  taste  is  strongly  metallic. — In  the  dry  state  it  remains  undecomposed, 
even  at  100^,  bat  at  a  somewhat  higher  temperature,  it  is  converted  into 
anhydrous  black  oxide;  thus,  if  the  hydrate  be  heated  on  paper,  the 
change  takes  place  at  a  temperature  not  high  enough  to  char  the  paper. 
Under  water  it  likewise  sustains  a  temperature  of  100°  [)]  without  alte- 
ration, but  if  kept  for  some  time  under  that  liquid,  it  is  converted  in  the 
black  oxide,  with  considerable  diminution  of  volume.  It  is  also  con- 
Terted  into  black  oxide  by  b<iiling  in  solution  of  caustic  potash.  Alcohol 
does  not  decompose  the  hydrate  either  in  the  fresh  or  in  the  dry  state. 
(Proust,  Ann,  Chim.  Fky».  32,  41.) — Much  of  the  Blue  verditer  or  Bremen 
green  which  is  found  in  commerce,  consists  of  hydrated  cupric  oxide.  A 
solution  of  blue  vitriol  is  precipitated  by  caustic  potash  of  15°  B,  the 
precipitate  washed,  then  again  treated  with  caustic  potash  of  15°....  18°  B, 
and  lastly  well  washed.  The  potash -solution  must  contain  a  little  car- 
bonic acid — ^in  the  state,  in  short,  in  which  it  is  obtained  by  slaking  50 
parts  of  lime  in  an  aqueous  solution  of  80  parts  of  pearl-ash;  otherwise 
the  colour  will  be  spoiled.  (Gentle.) 

ProQSt. 

CuO 40      ....       81-63        75 

HO    9       ....       18-37         24 

CC   1 

CaO,HO  49      ....     10000        ZZ       100 

IT  According  to  Fremy  (N',  Ann.  Chim,  Pliys,  23,  161),  hydrated 
cupric  oxide  obtained  by  precipitating  a  solution  of  blue  vitriol  in  the 
oold  with  a  large  excess  of  potash,  and  then  drying  in  vacuo,  contains 
CuO+2HO.  \ 

h.  With  Acids,  forming  the  Salts  of  Cupric  Oxide,  or  Cupric 
Salts. — ProUaalU  of  Copper. — Cupric  oxide  has  a  stronger  affinity 
for  acids  than  cuprous  oxide,  dissolving  in  them  easily,  and  with  evo- 
lution of  heat,  even  after  ignition;  the  hydrate  and  carbonate  dissolve 
with  still  greater  facility.  The  last- mentioned  compounds  likewise 
dissolve  in  ammoniacal  salts,  and  liberate  the  ammonia  on  boiling.  The 
anhydrous  cupric  salts  are  mostly  white,  the  hydrated  salts  have  a  blue 
or  green  colour.  They  are  for  the  most  part  soluble  in  water,  and  the 
solutions  have  a  metallic  taste,  and  redden  litmus.  At  a  red  heat,  they 
give  off  their  acid,  provided  the  acid  is  volatile;  the  sulphate,  however, 
requires  a  strong  heat  to  decompose  it.  With  carbonate  of  soda  on 
charcoal  in  the  inner  blowpipe-flame,  they  yield  metallic  copper.  With 
borax  and  microcosmic  salt,  they  behave  like  cupric  oxide.  When  fused 
on  the  platinum  wire  with  microcosmic  salt  or  common  salt,  they  impart 
a  blne^colonr  to  the  blowpipe-flame. 

Copper  is  precipitated  in  the  metallic  Ptate  from  solutions  of  cupric 
salts:  1.  By  Phosphorus,  In  this  manner  it  may  be  precipitated  from 
the  sulphate.  (Boeck,  Diss,  de  reductione  metalloimm,  Tubio^en,  1804. 
Grotthuss.)  In  a  close  vessel,  the  solution  becomes  decolorized  in  a  few 
davs,  no  longer  containing  copper,  but  only  sulphuric  and  phosphoric 
acid,  and  the  phosphorus  is  found  to  be  covered  with  a  shining  coating  of 
copper;  after  some  months,  a  black  deposit  of  phosphide  of  copper  is 
found  between  this  film  and  the  remaining  phosphorus.    (A.  Voge), 
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J,  pr,  Chem.  S,  1 09.) — To  reduce  copper  in  any  considerable  quantity 
from  the  nitrate  by  phosphorus,  the  solution  used  must  be  dilute;  in  a 
concentrated  solution,  a  black  crust  is  formed  on  the  phosphorus  with  but 
little  metallic  copper;  and  if  the  air  has  access  to  the  liquid  for  some 
time,  the  whole  deposit  vanishes,  with  formation  of  bluish -white  flakes  of 
cupric  phosphate.  (Boeck.)  In  close  vessels,  the  action  of  phosphorus  on 
cupric  nitrate  is  the  same  as  on  the  sulphate,  very  bright  metallic  copper 
being  deposited,  and  so  larse  a  quantity  of  phosphide  that  the  remaining 
phosphorus  is  blackened  by  it  throughout  its  whole  substance;  after 
standing  for  some  time,  the  copper  becomes  less  bright,  inasmuch  as  the 
nitric  acid  set  free  in  the  liquid  acts  upon  it  and  eyolves  nitric  oxide. 
(A.  Vogel.)  A  dilute  solution  of  cupnc  acetate  kept  in  contact  with 
phosphorus  in  a  closed  vessel,  becomes  paler,  deposits  greenish-white 
flakes  of  cupric  phosphate,  and  covers  the  phosphorus,  first  with  a  black 
and  then  with  a  copper-coloured  deposit.  (A.  Vogel.)  —  Phosphorus 
immersed  in  a  solution  of  protoohloride  of  copper  becomes  covered  with  a 
black  deposit,  a  large  quantity  of  white  and  reddish-white  dichloride  of 
copper  being  likewise  precipitated.  (Boeck.) — In  a  dilute  solution  of 
protoohloride  of  copper,  phosphorus  becomes  covered  with  metallic  copper; 
but  in  a  concentrated  solution,  it  first  produces  an  abundant  precipitation 
of  white  dichloride  of  copper,  and  then  becomes  blackened  throughout  its 
substance  by  phosphide  of  copper.  The  liquid  thereby  acquires  at  first  a 
dark  and  afterwards  a  pale  yellow  colour,  and  contains  dichloride  of 
copper  dissolved  in  hydrochloric  acid;  when  concentrated  by  boiling,  it 
deposits  this  compound  and  gives  off  hydrochloric  acid;  and  on  further 
concentration,  it  evolves  phosphuretted  hydrogen  gas,  and  yields  a  black 
precipitate  of  phosphide  of  copper.  (A.  Vogel.)  Hence  it  appears  to 
contain  phosphorous  acid. 

2.  By  Uypophasphorous  acid. — A  solution  of  blue  vitnol  gently 
heated  with  this  acid,  gives  off  hydrogen  gas  and  deposits  copper. 

3.  By  Zinc,  Cadmium,  Tin,  Lead,  Iron,  Cobalt,  l^ickcl,  and  Bismuth. 
— Nitrate  of  cupric  oxide  is  most  quickly  decomposed  by  zinc;  then 
follows  lead,  then  tin,  and  then  cadmium.  (Fischer,  Pogg.  8,  492.)— Zinc 
throws  down  from  cupric  salts,  even  when  they  contain  a  large  excess  of 
acid,  first  black  copper  containing  zinc,  and  afterwards  pure  copper  having 
its  characteristic  red  colour;  because  the  precipitate,  as  it  increases,  falls 
off  from  the  zinc,  and  forms  a  ^Ivanic  circuit  for  itself,  in  consequence  of 
which  the  zinc  which  it  contains  is  dissolved.  (Wetzlar,  Schw,  50,  98.)-— 
From  protochloride  of  copper,  zinc  precipitates  metallic  copper  and  like- 
wise the  dichloride.  (Fiscner.) — Cupric  nitrate  dissolved  in  alcohol  ia 
likewise  reduced  by  zinc.  (Fischer.  GUb.  72,  289.) — Zinc  immersed  in  a 
solution  of  1  pt.  blue  vitriol  in  3  pts.  water  at  90"^,  throws  off  a  large 
quantity  of  hydrogen  gas,  and  precipitates  cupric  oxide  as  well  as  copper. 
(Leykauf,  J,  pr.  Chem.  19,  124.) — Cadmium  throws  down  from  the 
nitrate,  black  copper  containing  cadmium,  and  from  the  chloride,  a  mixture 
of  copper  and  the  dichloride.  (Fischer.) — Tin  throws  down  copper  from 
the  sulphate,  chloride,  and  nitrate,  but  not  from  the  neutral  acetate. 
When  a  solution  of  blue  vitriol  not  containing  any  free  acid,  is  enclosed 
in  a  bottle  together  with  tin-foil,  it  changes  after  a  while  into  a  colourless 
solution  of  stannous  sulphate,  which  is  not  rendered  permanently  turbid 
by  the  addition  of  small  quantities  of  potash,  and  therefore  appears  to 
contain  free  acid;  and  on  the  surfcbce  of  the  tin  there  is  deposited  an  alloy 
of  tin  and  copper,  partly  black  and  partly  brass-yellow,  a  few  laminie  of 
the  same  substance  being  likewise  attached  to  the  sides  of  the  vessel. 
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(Wetdar^  Sdtw,  50,  99.)  When  tin  is  immersed  in  a  eolation  of  cnprio 
nitrate,  stannic  oxide  is  precipitated  together  with  the  tin.  (Fischer.)-^ 
Lead  precipitates  copper  from  the  chloride  or  nitrate  but  not  from  the 
snlphate.  (Wetzlar.)  According  to  Fischer,  however,  a  slight  preoipi- 
tation  takes  place  even  in  the  sulphate.  Copper  reduced  by  lead  exhibits 
the  metallic  lustre.  (Fischer.)— Tron  haa  no  action  on  a  solution  of  cuprio 
nitrate  made  as  nearly  nentral  as  possible,  or,  at  the  utmost,  a  very  slight 
action  after  long  exposure  to  the  air;  acidulated  copper  solutions  are 
rapidly  precipitated  by  iron.  (Fischer,  Fogg.  8,  492.)  If  the  solution  of 
oupric  iutrate  be  mixed  with  the  smallest  quantity  of  silver-nitrate,  the 
iron  is  thereby  rendered  passive  (I.  358-361),  and  does  not  precipitate 
the  smallest  quantity  of  copper.  (Wetzlar,  Fischer,  Fogg.  10,  604.) 
From  a  solution  of  blue  vitriol,  iron  precipitates  the  copper  rapidly,  first 
in  the  form  of  a  deposit  having  the  characteristic  red  colour  of  copper, 
and  afterwards  as  a  dark  brown,  pulverulent  mixture  of  copper  and  basic 
sulphate  of  ferric  oxide.  (Fischer.)  Copper  precipitated  6om  a  neutral 
solution  of  the  sulphate  is  black  from  admixture  of  iron,  but  turns  red 
and  gives  off  hydrogen  when  immersed  in  dilute  sulphuric  acid.  The 
precipitated  copper  may  be  mixed  with  iron,  even  when  the  solution 
contains  free  acid.  ( Wetslar.)  From  protochloride  of  copper,  iron  pred- 
pitatee  the  dichloride  as  well  as  metallic  copper.  (Fischer.)  Copper  is 
likewise  reduced  by  iron  from  the  alcoholic  solution  of  the  protochloride. 
A  solution  of  blue  vitriol  containing  I  part  of  copper  in  25,000  reddens 
iron  after  the  lapse  of  two  hours;  when  the  quantity  of  liquid  equals  from 
500,000  to  1,000,000  parts  to  1  part  of  copper,  scarcely  any  visible  effect 
is  produced.  (Lassaigne,  «7.  Chim,  MH.  8,  580.)  The  limit  at  which  the 
iron  ceases  to  be  reddened,  shows  itself  in  a  solution  containing  1  pt  of 
copper  in  156,000,  the  liquid  being  acidulated  with  a  drop  of  nitric  acid. 
(Harting,  </'.  pr.  Chem.  22,  51.)  Iron  does  not  precipitate  an  alcoholic 
solution  of  cupric  nitrate,  even  on  the  addition  of  nitric  acid;  neither  is  an 
aqueous  solution  of  tartrate  of  cupric  oxide  and  potash  precipitated  by 
iron,  r Wetzlar.) — Nickel  produces  no  precipitate  in  a  copper-salt  already 
formea;  but  when  an  alloy  of  nickel  and  copper  is  acted  upon  by  a 
quantity  of  nitric  acid  not  sufficient  to  dissolve  it  all,  the  undissolved 
portion  is  found  to  be  coated  with  copper.  (Fischer,  Pogg.  12,  504.) 
Bismuth  precipitates  cupric  nitrate  onlv  at  a  boiling  heat,  and  even  then 
but  imperfectly;  from  the  protocblonde,  it  throws  down  dichloride  of 
copper  mixed  with  oxychloride  of  bismuth.  (Fischer.)— Coppernsalts  are 
not  reduced  by  brass  or  by  the  alloys  of  silver  with  zinc,  tin,  and  lead. 
(Fischer,  Fogg,  12,  504.) 

4.  By  Organic  Compounds, — Sugar  boiled  with  a  solation  of  bine 
vitriol  throws  down  metallic  copper.  (A.  Vogel.) — Wood  produces  the 
same  effect  after  long  contact.  (Clement,  Bischof,  vid.  p.  400.) — The 
aqueous  solution  of  cupric  oxide  in  cream  of  tartar,  when  diluted  with  a 
large  quantity  of  water  and  gently  heated,  deposits  copper  in  the  form  of 
a  soft  red  powder.  From  a  copper  solution  kept  for  some  days  in  a 
g;lazed  pot  which  had  been  used  for  cooking,  a  net  of  copper  was  depo- 
sited, corresponding  in  form  to  the  cracks  in  the  glazing,  (laillefer,  Ann, 
Chim.  Fhys.  31,  100.) 

Sulphurous  acid,  even  with  the  aid  of  heat,  does  not  exert  any  reducing 
action  on  the  solutions  of  cupric  oxide  in  the  stronger  acids;  but  alkaline 
sulphites  colour  them  green  by  formation  of  cupric  sulphite,  which  is  then 
resolved,  slowly  at  ordinary  temperatures,  but  immediately  on  boiling, 
into  soluble  cupric  snlphate  and  precipitated  cuprous  sulphite.    If  the 
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alkaline  inlphiie  is  in  excess,  nearly  all  the  copper  is  precipitated. 
(Berthier,  J^.  Ann.  Chim.  Fhys,  7,  80.)  Sulphite  of  ammonia  forms  a 
bnlky  light  brown  precipitate  with  cnpric  salts.  (H.  Rose.)  A  solution 
of  cupric  sulphate  heated  with  sulphurous  acid,  and  likewise  a  solution  of 
cnpric  phosphate  or  arseniate  in  sulphurous  acid  forms  with  a  small 
quantity  of  potash  a  yellow  precipitate  [of  sulphite  of  cuprous  oxide  and 
potash  1].  (A.  Vogel,  </•  pr.  Chem,  80,  39.)  If  the  cupric  oxide  is  united 
with  one  of  the  weaker  acids,  as  with  acetic  or  formic  acid,  a  precipitate 
of  cuprous  oxide  [sulphate]  is  formed  on  heating  the  liquid.  (A.  Vogel.)-— 
Aqueous  protochloride  of  tin  throws  down  from  cupric  salts  a  white 
crystalline  powder  consisting  of  dichloride  of  copper.— Sugar  likewise 
reduces  cuprous  oxide  from  many  cupric  salts.  Sugar  boiled  with  an 
aqueous  solution  of  cupric  acetate  precipitates  dioxide  of  copper,  and 
when  boiled  with  the  protochloride,  it  throw  down  the  dichloride. 
(A.  Vogel.) 

Phosphuretted  hydrogen  gas  passed  throngh  a  solution  of  blue  vitriol, 
slowly  throws  down  triphosphide  of  copper. — Hydrosnlphurio  acid  and 
alkaline  hydrosulphates  throw  down  from  cupric  salts  a  precipitate  of 
protosulphide  of  copper,  insoluble  in  excess  of  the  reagent.  If  the  solu* 
tion  is  yery  dilute,  merely  a  brownish  colourinfi:  is  produced,  and  this 
effect  is  visible  even  when  the  proportion  of  cupric  oxide  is  only  I  pt.  in 
100,000  of  the  liquid  (Pfaff),  or  1  pt.  metallic  copper  in  200,000  pts.  of 
the  liquid.  (Lassaigne.)  A  solution  of  1  pt.  crystallized  cupric  acetate  in 
10,000  water  and  2,500  hydrochloric  acid  still  shows  a  distinct  colouring 
with  sulphuretted  hydrogen;  with  1  pt.  cupric  oxide  in  15,000  water  and 
7,500  hydrochloric  acid,  a  slight  colour:  but  with  1  pt.  cupric  oxide  in 
40,000  water  and  20,000  hydrochloric  acid^  the  effect  is  no  longer  visible. 
(Beinsch,  J,  pr,  Chem.  18,  133.)  Paper  soaked  in  a  solution  of  copper 
and  then  perfectly  dried,  does  not  blacken  in  dry  sulphuretted  hydrogen 
gas,  and  absolute  alcohol  which  has  absorbed  6  volumes  of  sulphuretted 
hydrogen,  has  no  action  on  anhydrous  copper  salts.  (Pamell,  J.  pr,  Chem. 
26,  190.) — The  hydrated  sulphides  of  manganese,  cobalt,  and  nickel 
throw  down  sulphide  of  copper  from  a  solution  of  the  sulphate.  (Anthon.) 
A  copper  solution  boiled  with  an  alkaline  hyposulphite  deposits  black 
sulphide  of  copper,  with  formation  of  sulphuric  acid.  (H.  Rose,  Pog^, 
3d,  241.)    Probably  in  this  manner: 

CuO,  S0»  +  KO,  S'O*  =  CuS  +  KO,  2S0». 

A  solution  of  blue  vitriol  is  immediately  decolorized  by  hyposulphite  of 
soda,  and  then,  on  the  addition  of  hydrochloric  acid,  deposits  all  the 
copper  in  the  form  of  rust-brown  sulphide,  probably  CuS';  the  precipitate 
turns  black  if  kept  for  some  time  under  the  liquid,  and  shows  no  tendency 
to  oxidate  by  exposure  to  the  air.  (Himly,  Ann.  Pharm.  43,  151.) — 
Iodide  of  potassium  added  to  a  cupric  salt  throws  down  white  diniodide  of 
copper,  the  liquid  turning  brown  from  separation  of  iodine:  the  precipitate 
dissolves  in  excess  of  iodide  of  potassium. 

Potash  or  soda  added  to  a  cupric  salt»  in  quantity  not  sufficient  to 
decompose  it  completely,  throws  down  at  first  a  blue  precipitate  of 
hydrated  cupric  oxide,  which,  however,  on  agitation,  takes  up  a  portion 
of  the  undecomposed  salt,  and  forms  with  it  a  green  basic  salt.  An 
excess  of  the  alkali  throws  down  the  hydrated  oxide  in  bulky  blue 
flakes,  which,  on  boiling  the  mixture,  collect  together  in  the  form  of  a 
black  powder,  consisting  of  the  anhydrous  oxide.  IT  According  to 
Yolker  {Ann*  Phom.  59,  34)|  strong  oaustio  potash  dii^solyeB  a  consider-^ 
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able  quantity  of  capric  oxide,  and  the  solution  may  be  dilated  with 
a  considerable  quantity  of  water  without  depositing  the  oxide.  H  — 
Ammonia  added  by  degrees^  and  with  constant  agitation,  to  the  solution 
of  a  cupric  salt,  first  throws  down  a  green  basic  salt,  and  afterwards  the 
blue  hydrate;  an  excess  of  ammonia  dissolyes  the  precipitate,  forming  a 
deep  blue  solution.  A  copper  solution  diluted  so  far  as  to  be  colourless, 
still  becomes  distinctly  blue  on  the  addition  of  ammonia.  The  blue 
colour  tiius  produced  is  still  visible  in  a  solution  of  1  pt.  cupric  oxide  in 
2000  parts  of  acid  and  water  (Pfaff);  with  1  part  of  copper  in  11,750  parts 
of  liquid  (Harting);  with  1  part  of  copper  in  100,000  parts  of  liquid 
(Sarzeau,  <7.  Fkarm,  16,  516;  Lassai^ne).  The  discrepancy  of  these 
statements  may  perhaps  arise  from  the  different  quantities  of  liquid  used: 
the  greater  the  mass  of  liquid,  the  more  readily  will  the  blue  colour  be 
seen. — Potash  added  to  a  solution  containing  a  cupric  and  a  ferrous  salt 
in  equal  number  of  atoms,  throws  down  a  mixture  of  cupric  and  ferrous 
hydrates.  Ammonia  added  in  excess  yields  a  precipitate  of  ferric  hydrate 
and  a  colourless  solution  of  cuprous  oxide  in  ammonia;  a  smaller  quantity 
of  ammonia  throws  down  a  purple-red  mixture  of  ferric]  hydrate  and 
cuprous  oxide.  (Level,  Ann.  Ghim.  Fhys,  65,  320.) — Carbonate  of  potaah 
or  soda  throws  down — with  evolution  of  carbonic  acid — a  greenish-blue 
precipitate  of  cupric  carbonate,  a  small  quantity  of  which  dissolves  in 
excess  of  the  alkaline  carbonate,  forming  a  bluish  solution.  On  boiling 
the  mixture,  the  precipitate  is  converted  into  black  oxide  of  copper,  the 
change  beine  more  complete  as  the  excess  of  the  alkaline-carbonate  is 
greater;  if  the  copper-salt  is  in  excess,  the  precipitate  remains  green,  and 
consists  of  a  basic  salt  not  containing  carbonic  acid.— Carbonate  of 
ammonia  produces  the  same  precipitate,  but,  when  added  in  excess,  dis- 
solves  it  abundantly,  forming  a  deep  blue  solution. — The  carbonates  of 
baryta,  strontia,  and  lime,  and  likewise  carbonate  of  magnesia,  do  not 
precipitate  cupric  salts  in  the  cold,  but  completely  at  60^  (Demar9ay, 
Ann,  Fharm,  11,  240.) — Phosphate  of  soda  throws  down  greenish-white 
cupric  phosphate,  and  chromate  of  potash  produces  a  red-brown  precipi- 
tate of  cupric  chromate. 

Oxalic  acid  throws  down  from  cupric  salts  a  pulverulent  bluish-green, 
white  precipitate  of  cupric  oxalate;  and  monoxalate  of  potash  in  excess 
precipitates  blue  oxalate  of  cupric  oxide  and  potash.  Even  dilute  solu- 
tions containing  excess  of  acid,  are  precipitated  by  oxalic  acid.  (Wacken- 
roder.) — Cynnide  of  potassium  precipitates  yellowish-green  protocyanide 
of  copper,  which,  on  heating  the  liquid,  first  turns  yellow  and  then  white, 
and  dissolves  In  excess  of  the  cyanide  of  potassium. — ^Ferrocyanide  of 
potassium  yields,  with  concentrated  cupric  solutions,  a  dark  brown -red 
magma,  and  with  dilute  solutions,  a  deep  purple  precipitate;  to  very 
dilute  solutions,  it  imparts  a  reddish  colour.  The  reddish  colour  is  still 
visible  in  a  solution  of  1  part  of  cupric  oxide  in  78,000  parts  of  liquid 
(Harting) ;  with  1  pt.  cupric  oxide  in  200,000  of  liquid  (Pfaff) ;  with 
1  pt.  copper  in  400,000  liquid  (Lassaigne);  with  1  pt.  copper  in 
1,000,000  parts  of  liquid  (Sarzeau). — Ferricyanide  of  potassium  forms, 
with  cupric  salts,  a  thick  brownish-yellow  precipitate,  as  little  soluble  in 
hydrochloric  acid  as  the  preceding. — Xauthonate  of  potash  added  to 
cupric  salts,  throws  down  yellow  flakes. — Tincture  of  galls  does  not  pre- 
cipitate the  solutions  of  cupric  oxide  in  the  stronger  mineral  acids,  except 
on  the  addition  of  acetate  of  potash ;  in  that  case,  and  likewise  from  a 
solution  of  cupric  acetate,  it  throws  down  a  red-brown  mi^^ma. — Con- 
centrated copper  solutions  immediately  impart  to  tincture  of  guiaoum  a 
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blue  colour,  which  soon  turns  green ;  dilute  solutions  produce  the  same 
effect  on  the  addition  of  hydrocyanic  acid.  Tincture  of  guiacum  is  pre- 
pared by  steeping  1  part  of  guiacum- wood  in  4  parts  of  water;  the 
reaction  is  still  visible  in  a  solution  containing  1  part  of  copper-salt  in 
450,000  parts  of  water.  (Pagenstecher,  iT.  Tr.  3,  1,  404.) 

Cupric  salts,  which  are  insoluble  in  water,  dissolve  in  sulphuric, 
hydrochloric,  or  nitric  acid^  or  at  all  events,  give  up  their  cupric  oxide  to 
the  acid. 

c.  With  Alkalis. — d.  Soluble  in  oils,  sugar,  &c* 


C.  Peroxide  of  Copper  ? 

1.  Formed  by  agitating  the  hydrated  protoxide  with  a  large  excess  of 
very  dilute  peroxide  of  hydrogen  at  a  temperature  of  0°. — 2.  By  mixing 
nitrate  of  cupric  oxide  with  excess  of  aqueous  peroxide  of  hydrogen,  and 
precipitating  the  copper  at  0°,  by  caustic  potash  added  in  moderate 
excess. — The  resulting  peroxide  of  copper  is  washed  with  cold  water, 
pressed  between  bibulous  paper,  and  dried  in  vacuo. — Yellowish-brown 
powder  (or  olive-green,  if  contaminated  with  hydrated  cupric  oxide), 
tasteless,  and  without  action  on  vegetable  colours.  Contains  nearly  twice 
as  niQch  oxygen  as  the  protoxide.  At  a  temperature  short  of  100%  it 
gives  off  oxygen,  and  is  converted  into  protoxide;  in  the  moist  state,  it 
decomposes  in  the  course  of  12  hours,  even  at  ordinary  temperatures. 
The  decomposition  is  greatly  accelerated  by  the  presence  of  strong  caustic 
potash.— Insoluble  in  water.  With  acids,  it  forms  ordinary  cupric  salts 
and  peroxide  of  hydrogen.  (Th^nard.)  It  is  perhaps  not  a  higher  oxide 
of  copper,  as  Thenard  supposes,  but  rather  a  compound  of  cupric  oxide 
with  peroxide  of  hydrogen. 


IT  D.  Cupric  Acid? 

Not  known  in  the  separate  state.  Some  of  its  salts  have  been 
obtained  in  the  state  of  solution,  by  passing  chlorine  gas  into  potash-  or 
sodorley,  in  which  hydrated  cupric  oxide  is  diffused  ;  but  they  cannot  be 
obtained  in  the  solid  state,  inasmuch  as  they  are  decomposed  with  violent 
evolution  of  oxygen  soon  after  their  formation.  Cuprate  of  lime  has 
however  been  obtained  in  the  form  of  a  beautiful  rose-coloured  substance, 
by  mixing  chloride  of  lime  with  a  solution  of  nitrate  of  cupric  oxide;  it 
decomposed  but  slowly.  (Kriiger,  Fogg.  72,  445.)  According  to  Crum 
{Ann.  Pliarm.  55,  213),  the  oxygen-compound  of  copper  contained  in 
this  salt  is  a  sesquioxide.     Cu'O'.  IT 
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Hydride  of  Copper  ? — ^A  solution  of  blue  vitriol  and  hypophosphorous 
acid,  heated  not  above  70'^,  deposits  a  yellow  precipitate,  which  soon 
turns  red-brown.  It  "contains  98*78  pts.  copper  to  1*22  hydrogen 
(=Cu'H),  gives  off  hydrogen  when  heated,  takes  fire  in  chlorine  gas, 
and  when  treated  with  hydrochloric  acid,  is  converted  into  dichloride  of 
copper,  with  evolution  of  a  double  quantity  of  hydrogen  gas.  (Wiirtz, 
Conipt.  rend.  18,  702.) 
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COPPKR  AND  GaBBOK. 

A.  Carbide  op  Gopfbb.— Often  produced  in  the  toughening  of 
copper,  when  the  metal  us  foeed,  according  to  the  EDglish  method,  nnder 
a  layer  of  charcoal  powder:  OverpoUd  Copper  (Vivian,  Ann.  Phil. 
21,  121). — Obtained  also  by  arranging  copper  plate  in  alternate  layers 
with  lamp-black,  heating  to  redness  for  several  hours,  and  then  raising 
the  temperature  to  the  melting  point  of  copper.  In  this  process,  the 
copper  takes  np  at  most  0*2  per  cent,  of  carbon.  (Karsten,  Sckw,  66, 395.) 
— Copper  containing  carbon  has  a  pale  yellowish-red  colour  and  strong 
metallic  lustre,  and  the  surface  of  the  mass  solidified  after  fusion  exhibits 
a  strinted  texture.  After  fusion,  it  has  a  strongly  lustrous,  yellowish-red, 
coarsely  fibrous,  and  indented  fracture,  and  after  hammering,  a  yellowish- 
red  sinewy  fracture.  It  is  ductile  at  ordinary  temperatures,  but  at  a  low 
red  heat,  it  breaks  under  the  hammer;  even  0*05  per  cent,  of  carbon 
makes  it  slaty  at  a  red  heat.  When  fased  in  the  air,  and  especially  if 
stirred,  it  readily  gives  np  its  carbon.  (Karsten.) 

The  orange-ydlow  precipitate  which  is  produced  by  adding  carbonate  of  soda  to  a 
eolation  of  diddoride  of  copper  in  hydrochlorio  acid,  and  assumes  a  brick*  red  colour 
when  wBshed  with  cold  water,  is  merely  hydrated  cnprons  oxide,  free  from  carbonic 
acid.  (Gmelin.) 


B.  Carbonate  op  Cttprio  Oxidb,  or  Cupric  Carbokatb. — a.  Dicar- 
^ono^.— -The  anhydrous  salt  occurs,  according  to  Thomson  (OuUines  of 
Mineralogy^  1,  601),  in  the  form  of  Mysorine,  which  contains  60*75  cupric 
oxide,  16*70  carbonic  acid,  10*50  ferric  oxide,  and  2*10  silica.  It  does 
not  appear,  however,  that  this  compound  can  be  formed  artificially.  It 
is  stated,  indeed,  by  Colin  &  Taillefert  {Ann,  Chim.  Phys,  12,  62),  that 
the  hydrated  compound,  when  heated  by  itself  or  boiled  with  water,  is 
converted  into  a  brown  powder,  which  is  the  anhydrous  carbonate.  But 
according  to  Gay-Lussac  {Ann,  Chim,  Phys.  87,  335),  when  the  salt  is 
boiled  with  water  for  several  hours,  the  whole  of  the  carbonic  acid  is 

fiven  ofi*,  and  the  residual  black  powder  is  pure  cupric  oxide;  it  becomes 
lack  even  when  boiled  for  a  short  time  only;    but  it  then  contains 
carbonic  acid. 

Hydrated  Z>tcar&onafe.— Pound  in  the  form  of  ^a&zc^t^c.— Produced 
when  copper  is  exposed  to  the  joint  action  of  air  and  water;  Copper-rust^ 
or  the  so-called  Verdigris; — when  moist  cupric  hydrate  is  exposed  to  the 
air,  and  more  quickly  wlsen  carbonic  acid  is  passed  through  water  in 
which  the  hydrate  is  diffused ;  the  volume  of  the  hydrate  is  diminished 
by  conversion  into  carbonate.  On  precipitating  a  cupric  salt  with  car- 
bonate of  potash  or  soda,  carbonic  acid  is  at  first  evolved,  and  a  greenish- 
blue  precipitate  formed;  this,  however,  is  gnuiually  converted  during 
washing,  or  immediately  on  boiling,  into  the  green  dicarbonate,  the 
change  being  produced  either  by  loss  of  carbonic  acid,  or  (according  to 
Colin  &  Taillefert)  merely  by  loss  of  water.-— The  product  is  a  green 
powder  of  the  colour  of  verdigris.  It  acquires  a  brighter  green  colour  by 
washing  with  hot  water :  Mineral  green, — The  salt  when  strongly  heated 
by  itself,  or  when  boiled  for  a  short  time  with  caustic  potash,  leaves  a 
black  residue  of  anhydrous  oxide;  it  is  insoluble  in  water,  but  dissolves 
in  ammoniacal  salts,  forming  a  blue  solution. 

Malachite  forms  crystals  belonging  to  the  oblique  prismatic  system. 
Fi£f.  81  and  84;  u:  u=:103''  42 ;  t  :  m^llS"  ll'>  cleavage  parallel  t^ 
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i  and  t  Laminar,  fibrous,  compact,  or  eartliy.  Sp.  gr.  from  3*7  to  4*0. 
Harder  than  calcspar.  Colonr  varying  from  emerald-green  to  grass-green; 
exhibits  all  degrees  of  translucency  down  to  complete  opacity. 

BerzeUns.     Froust    Klaprotb.  VaaqneUn.  Phillips. 
ariif.         artif.  Ural.  Cktmj. 

2CuO 80  ....  7207  ....     71-70  ....    695  ....     705  ....    70-10  ....     72-2 ; 

CO» 22  ....  19-82  ....     19-73  ....     250  ....     18*0  ....     21-25  ....     18-5 

HO 9  ....    811  ....       8-57  ...       5-5  ....     11-5  ....       8-75  ....       9-3 

2CuO,CO*  +  Aq.  Ill  ....10000  ....  100-00  ....  1000  ....  100-0  ....  lOO'OO  ....  1000 

6.  Sexquihasic  Carbonate, — Found  in  the  hydrated  state  as  Azure 
Copper  ore,  or  Blue  Copper  ;  when  pulverized,  it  forms  Mineral  blue^  or 
Jifountain  hlv^.  Crystalline  system  the  oblique  prismatic,  Fig.  81| 
together  with  a-,  Uy  «i-,  and  yarfous  other  faces,  w'  :  i^=98**  50',  i  :  m=: 
92^"  15'.  Cleayage  parallel  to  a,  u,  and  m,  Sp.  gr.  3*831.  Harder  than 
calcspar.  Azure-blue,  translucent  j  powder  smalt-blue.  According  to 
Phillips  (^7171.  Chim.  Phys.  7,  44),  the  same  compound  is  obtained  arti^ 
ficially  by  a  secret  process,  as  Blue  Verditer. 

KUprotli.  Yaaqiiftltii.  Phillips. 


tJrd.          Cheny. 

Chmtj, 

Blue  verditer 

3CiiO  

120  ....    69-37  ....     70    ....     68-5 

....    69-08    .. 

......      67-6 

2C0*   

44  ....     25-43  ....     24     ....     25-0 

....     25*46    .. 

......      241 

HO 

9  .-.       5-20  ....       6     ....       6-5 

5-46     .. 

5-9 

ImpurHiet  .. 

»••••«                      ••■•                                 •«••                          •••■ 

»•••                                     •« 

....r.                             £     "k 

3CuO,2CO»  +  Aq.  173  ....  100-00  ....  100     ....  1000     ....  100-00    lOO'O 

Malachite  may  be  regarded  as  CuO,CO*-|-CuO,HO  and  Azure  Copper- 
ore,  as  2(CuO,CO'),  +  CuO,HO. 

c.  Acid  Carbonate, — Bicarbonate  of  cnpric  oxide  dissolyes  sparingly, 
on  agitation,  in  aqueous  carbonic  acid.  30-720  parts  of  the  liquid  con* 
tain  1  part  of  cnpric  oxide;  and  the  solution  exhibits  the  usual  reactions 
with  iron  and  with  ferroc3ranide  of  potassium.  (Fr.  Jahn,  Ann,  Pharm* 
28,  111.) 

COPPBB    AND  BoRONr 

Borate  op  Cupbic  Oxidb,  or  Cvpric  Borate. — Borax  precipitates 
from  a  solution  of  cuprie  sulphate,  a  pale  green  powder,  which  is  slightly 
soluble  in  water,  fuses  to  a  green  opaque  glass,  and  diasohres  in  excess  of 
boracic  acid.  The  precipitate  produced  by  excess  of  borax  forms,  when 
dry,  a  hard,  dark  green  mass,  haying  a  conchoidal,  shining  fracture,  and 
containing  59-27  per  cent,  of  cnpric  oxide  to  40*73  of  acid ;  when  the 
copper-salt  is  in  excess,  the  precipitate  forms,  after  drying,  a  loos^ 
greenifili-blue  powder,  containmg  70*4  cnpric  oxide  and  29*6  of  acid. 
(Tiinnennann,  Kastn,  Arch,  20.  18.) 


Copper  and  PnospHORtra. 

A.  Phosphide  of  Copper. — a,  Cu«P. — 1.  Formed  by  passing  phos- 
phuietted  hydrogen  gas  oyer  dichloride  or  disnlphide  of  copper. 

3Cu2Cl  +  PH3  «  Cu«P + SHCL 
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2.  Also  when  tlie  triphosphide  is  deprived  of  half  its  phosphorns'by  pajssin^ 
hydrogen  gas  over  it  at  the  strongest  heat  that  the  glass  can  bear.  BbLck 
powder^  or,  after  strong  ignition,  light  grey  mass  having  the  metallic 
lustre.  On  charcoal  before  the  blowpipe  it  emits  a  phosphorus-flame. 
Dissolres  easily  and  completely  in  nitric  acid  or  aqua-regia,  with  formation 
of  phosphoric  acid.  Insoluble  in  hydrochloric  acid.  (H.  Rose,  Pogg- 
6,  209j  24,  228.) 

H.Rose. 

6Cu 192-0      ....      85-94        84'42    to    86-61 

P 31-4      ....       14-06        15-58    „     13-39 

Ctt«P  223-4      ....     100-00        10000    „    100-00 

(.  Triphosphide, — 1.  By  passing  phosphuretted  hydrogen  gas  over 
heated  protochloride  of  copper.  (H.  Rose,  Fogg,  24,  328.)  2.  By  passing" 
phosphuretted  hydrogen  through  a  solution  of  blue  vitriol: 

3CuO  +  PH»  =  Cu»P  +  3H0. 

Either  variety  of  phosphuretted  hydrogen  may  be  used.  The  precipi- 
tation begins,  after  three  quarters  of  an  hour,  with  a  black  turbidity 
which  soon  increases ;  a  certain  quantity  of  phosphoric  acid  is  always 
formed  at  the  same  time.  If  the  olack,  flocculent  precipitate,  after  being 
dried  in  vacuo  over  oil  of  vitriol,  be  gently  heated,  it  gives  off  a  small 
quantity  of  moisture,  and  assumes  the  red  colour  of  copper.  (H.  Rose, 
Fogg.  14,  188;  24,  321.)  The  black  flakes,  when  washed  with  boiling- 
water  out  of  contact  of  air,  remain  for  the  most  part  unaltered ;  but  if 
the  air  has  access  to  them,  the  phosphorus  becomes  oxidized  and  metallic 
copper  [or  red  phosphide  ?]  separates  out.  (Bufl*,  Fogg.  22,  353.) 

Prepared  by  (1)  :  black  powder,  which,  when  strongly  ignited  out  of 
contact  of  air,  is  converted  into  a  greyish-black,  metallic-looking  mass; 
but  does  not  assume  the  red  colour  of  copper  at  any  temperature. 
(H.  Rose.)  By  (2)  :  black  flakes,  which — after  gentle  heating  in  vacuo 
—assume  a  copper-red  colour,  like  that  of  metallic  copper  precipitated 
by  zinc.  (H.  Rose.)  It  does  not  fuse  even  at  the  melting  point  ot  glassy 
but  is  more  fusible  than  copper.  (Landgrebe.) 

Phosphide  of  copper  prepared  by  (1)  exhibits  a  phosphorus-flame 
on  charcoal  before  the  blowpipe ;  (2)  does  not  (1)  gives  off  half  its 
phosphorus  when  very  strongly  ignited  in  a  current  of  hydrogen  gas. 
(H.  Rose,  Fogg.  4,  110.)  Both  varieties  dissolve  readilj  in  nitric  acid, 
with  formation  of  phosphoric  acid,  especially  that  obtained  by  (2)  and 
not  previously  heated.  Hot  oil  of  vitriol  dissolves  (2)  with  evolution  of 
sulphurous  acid  gas.  In  hydrochloric  acid  in  an  open  vessel  (2)  dissolves 
more  readily  than  pure  copper.  (H.  Rose.)  The  phosphide  prepared  by 
(2)  and  not  heated,  dissolves  completely  in  strong  hydrochloric  acid,  with 
evolution  of  non-spontaneously  inflammable  phosphuretted  hydrogen. 
(Buff.)  The  preparation  (2),  when  it  has  not  been  heated,  b  permanent 
in  dry  air,  but  when  exposed  to  a  moist  atmosphere,  is  converted  into 
phosphate  of  cupric  oxide.  Before  the  blowpipe,  it  bums  to  a  black  bead 
of  cupric  phosphate,  which  on  cooling  solidifies  into  a  white  enamel. 
(Landgrebe,  Schw,  53,  464.) 

H.  Rose  (1).  H.  Rose  (2). 

3Cu 96-0     ....     75-35       7534       ....       75*76     to      7984 

P 310     ....     24-65       24-66       ....       24-24      „      2016 

Cu»P  127-4    ....  100-00      10000      ....     100-00      „    lOO'OO 
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As  a  small  quantity  of  phospboric  acid  ia  formed  in  prooess  (2),  the  analysis  of 
the  resulting  compound  gave  rather  too  little  phosphorus.  (M.  Rose.) 

c.  Diphosphide, — ^When  hydrogen  gas  is  passed  over  diphosphate  of 
cupric  oxide — as  obtained  by  precipitating  blue  vitriol  with  diphosphate 
of  soda — ^at  the  strongest  red  heat  that  the  glass  tnbe  will  sustain,  the 
copper-salt  first  turns  yellow  from  formation  of  dioxide,  and  is  subse- 
<quently  converted — with  formation  of  water — ^into  greyish-black  phos- 
phide of  copper,  which  becomes  crystalline  on  cooling.  (H.  Rose,  Pogff, 
24,  331.) 

H.  Rose. 

2Cu  64-0      ....      67-09        65*09 

P   31-4       ....       32-91         34-91 

Cu^P 9?4       ....     100-00        ZZ       100-00 

Phosphide  of  copper,  containing  copper  and  phosphorus  in  variable 
proportions,  may  be  obtained  by  the  following  methods  :  1.  When  copper 
filings  are  ignited  with  phosphorus  in  a  retort,  3  parts  of  copper  retain 
1  pt.  of  phosphorus  [therefore  Cu'P].  (Marggraf.)  The  same  compound 
may  be  formed  by  throwing  phosphorus  on  red-hot  copper  filings. 
(Pelletier.) — 2.  By  igniting  1  part  of  copper  filings  under  charcoal  with 
1  part  of  glacial  phosphoric  acid  not  free  from  lime,  and  -J-  of  charcoal 
powder.  (Pelletier,  Ann.  Chim.  1,  103;  Saye,  CrelL  Ann.  1792,  1,  33; 
A,  Gehl.  3,  704.)— -3.  By  igniting  cupric  phosphate  mixed  with  charcoal, 
or  contained  in  a  crucible  lined  with  charcoal. — 4.  By  exposing  a  mixture 
of  6  or  8  pts.  copper,  or  cupric  oxide,  10  bone-ash,  5  pounded  quartz, 
5  borax,  aud  1  charcoal,  in  a  crucible  lined  with  cliarcoal,  to  the  heat  of  a 
blast-furnace  for  an  hour.  (Berthier.) 

The  fused  phosphide  of  copper  thus  obtained  is  of  a  pale  copper* 
colour  when  it  contains  but  little  phosphorus,  and  steel-grey  when  it  con* 
tains  a  larger  proportion  of  that  substance.  The  surface  of  the  fused 
Tntuss  is  sometimes  covered  with  four-sided  prisms,  formed  by  the  junction 
of  octohedrons.  (Saye.)  It  exhibits  a  laminar  texture.  (Berthier.) 
Sp.  gr.=7'122.  (Saye.)  It  is  as  hard  as  steel,  brittle,  and  has  a  fine- 
grained fracture,  but  is  difficult  to  pulverize.  Fuses  much  more  easily 
than  copper.  Many  varieties  of  phosphido  of  copper  retain  their  lustre 
when  exposed  to  the  air;  others  turn  black,  and  f^ll  to  pieces,  being  con- 
verted into  phosphate  of  cupric  oxide.  Phosphide  of  copper  bums  in  the 
air  with  a  phosphorus  flame,  and  is  converted  into  a  black  slag. 

B.  Hypophosphite  op  Cupric  Oxide,  or  Cupric  HvpopnospHiTE. 
—The  blue  solution  of  hydrated  cupric  oxide  in  cold  hypophosphorous 
acid  may  be  kept  unaltered  for  a  long  time,  and,  if  very  dilute,  may  be 
heated  without  decomposition.  On  evaporating  it,  however,  even  in 
vacuo  at  a  low  temperature,  complete  reduction  of  the  copper  takes  place 
as  soon  as  the  liquid  reaches  a  high  degree  of  concentration.  (H.  Kosey 
Pogg.  12,  291.) 

C.  Phosphite  of  Cupric  Oxide,  or  Cupric  Phosphite. — By  pre- 
cipitating protochloride  of  copper  with  phosphate  of  ammonia,  a  beautiful 
blue  precipitate  is  formed,  which  may  be  washed  with  water  and  dried 
at  a  gentle  heat  without  decomposing.  When  heated  in  a  retort,  it 
yields  a  large  quantity  of  water,  afterwards  gives  off  abundance  of  pure 
hydrogen  ga^,  turns  brown  from  reduction  of  copper,  and  foses  into  a 
mixture  of  metallic  copper  and  cupric  phosphate,  one  portion  of  which^ 
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as  it  contains  excess  of  acid,  may  be  dissolved  out  bj  water,  and  the  rest 
bj  hydrochloric  acid.  The  oxygen  of  the  water,  as  well  as  that  of  the 
oxide  of  copper,  con  tributes  to  the  formation  of  phosphoric  acid«  The 
solution  of  cupric  phosphite  in  aqueous  phosphorous  acid  deposits  part  of 
the  copper  in  the  metallio  state  on  boiling.  (H.  Rose,  Fogg.  12,  292.) 

D.  Phosphate  op  Cupric  Oxidb,  or  Citprig  Phobphatb. — a.  Sex- 
hatic. — An  emenJd-green  ore  of  copper  from  Hirschberg  on  the  Saale, 
haying  a  scaly  fracture  and  concentrically  fibrous  structure.  (Kiikn, 
Ann.  Pharm.  24,  218.) 

=  aCuO,  PO»  +  SCoO,  HO. 


6CuO 

PC* 

3HO    

2400 
71-4 
270 

...       70-92      ... 
2110 
7-98       .... 

Ktthn. 

....       71-73 

....       19-21 

7-40 

6CnO,PO*  +  3Aq. 

338-4 

...     100-00      .... 

...       98*34 

h,  Quintobaaie, — Phosphoroekalcite,  or  Fseudo-malachUe, — Crystalline 
system  the  oblique  prismatic.  Fig.  91  and  99,  together  with  m-,/-,  and 
f-  faces;  u  :  t£'=i38°  5&;  i  :  tt=112°  87'.  Likewise  found  in  fibrous  and 
earthy  masses.  Sp.  gr.  4-2.  Harder  than  fluorspar.  Emerald  and 
Terdi^ris-green;  yields  a  pale  green  powder.  When  suddenly  heated  before 
the  blowpipe,  it  falls  to  powder;  but  if  slowly  heated,  it  turns  black,  and 
fuses  on  the  charcoal  to  a  black  bead  containing  a  small  granule  of 
copper.  The  bead,  strongly  heated  with  an  equal  rolume  of  lead,  yields 
copper  and  fused  phosphate  of  lead-oxide,  which  crystallizes  on  cooling. 
Heated  with  a  small  quantity  of  carbonate  of  soda,  it  swells  up  and  then 
fuses;  with  a  larger  quantity,  it  forms  a  tumefied,  infusible  mass;  when  a 
still  larger  quantity  of  carbonate  of  soda  is  used,  the  saline  mass  sinks 
into  the  charcoal,  and  leaves  copper  behind.  (Berzelius.)  When  moist- 
ened with  hydrochloric  acid,  it  imparts  a  blue  colour  to  the  blowpipe- 
flame.     Easibly  soluble  in  nitric  acid  and  in  ammonia. 

Lnniu        Arfvedflon.        Bergminn. 
Pkoipkorochalciit.  Virnebcrg.  Vimeberj.       EhL 

5CuO  -....    2000     ....     67-02     ....     6285     ....     6820  ....  66-94  ....  65*99 

PO« 71-4     ....     23-93     ....     21-69     ....     2470  ....  24-20  ....  24*93 

3HO    27-0     ...       905     ....     15*45     ....       5*97  ....     789  ....     9*06 


5CaO,PO'  +  3Aq.      2984    ....  10000    ....     99-99    ....    9887  ....  9903  ....  99*98 

According  to  Lnnn's  analysis,  it  is  5CuO,PO'  +  5Aq.;  according  to  Kiihn 
(Ann.  Pharm.  51,  123),  it  is  3(CuO,PO*)  +  3(CuO,HO). 

%  Cupric  Pho9phate  from  Ztf6«<Am.— Fibrous,  separating  in  concentric 
scales;  with  a  waxy  lustre  on  the  fractured  surface,  and  a  satiny  lustre  on 
the  outer  surface;  looks  as  if  it  had  been  fused.  When  heated  to  redness, 
it  splits  asunder  with  yiolence,  but  without  noise;  eyen  in  the  state  of  fine 
powder,  it  is  forcibly  scattered  about  when  ignited. 

Kfthn. 

5CuO    200-0     ....     6913      69*61 

PO»  71*4     ....     24-64       2413 

2HO 180     ....       6-23      6*26 


3(CttO,PO»)  +  (2CuO,HO)     289*4     ....  10000      100*00  f 
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c.  Quadrohaste. — LiehethenU^, — Ciystallme  system  the  right  prismatic. 
Fig.  54.  w  :  tt'  =  84"^  58';  i  :  i' =  IIV  58'.  Sp.  gr.  3*6  to  3*8.  Harder 
than  calcspar.  Colour  olive-green  inclining  to  blackish-green;  translu- 
cent, with  a  waxy  lustre.  Exhibits  the  same  chemical  relations  as  phos- 
phorochalcite. 

Liebetheniie,  Berthier  (cryataUized), 

4CuO    1600      ...       6415  639 

PC*   71-4       ....       28-63  28-7 

2HO 180       ....         7-22  74 

4CuO,PO«  +  2Aq 249*4       ....     100*00         ZZ       100*0 

According  to  Kuhn,  it  is  3CuO,PO'^  +  3CuO,HO. 

d,  Terhaaic, — Precipitate<l  on  mixing  a  cupric  salt  with  diphosphate 
of  ammonia,  potash,  or  soda  [in  excese?],  the  liquid  becoming  acid. 
(Mitscherlich.) — Bluish-green  powder,  which  when  heated  gives  off  water 
and  turns  brown.  When  ignited  with  charcoal,  it  yields  phosphide  of 
copper.  Insoluble  in  water,  but  dissolves  easily  in  acids,  even  in  phos- 
phoric, acetic,  and  sulphurous  acid,  the  latter  not  causing  the  formation 
of  cuprous  oxide;  slightly  soluble  in  ammoniacal  salts. 

e,  Bihadc, — Precipitated  from  copper-salts  by  diphosphate  of  soda 
[added  in  insufficient  quantity?].  When  heated  to  redness  in  hydrogen 
gas,  it  turns  yellow  from  formation  of  a  cuprous  salt,  and  yields  diphos- 
phide  of  copper.  (H.  Rose.)  In  other  respects,  it  exhibits  the  same 
characters  as  d. 

TromholUe.  Sp.  gr.  from  3 '38  to  3*4;  fractured  conchoidal;  colour 
yellowish-green  inclining  to  emerald-green.  (Breithaupt,  J.  pr,  Chem, 
15,  321.) 

TromholUe.  Plattner. 

....      42*69        39*2 

....       3810        41*0    (nearly) 

....       19-21         16*8 

trace 

2CuO,  P0»  +  4Aq7T^^       187*4       ....     100*00         ZZ         9r0 

f.  Add  Phosphaie. — The  solution  of  e  in  aqueous  phosphoric  aeid 
leaves  on  evaporation  a  green,  gummy  mass. 

E.  Pyrophosphate  op  Cupric  Oxide,  or  Cupric  Pyrophosphate. — 
Dissolves  in  aqueous  pyrophosphate  of  soda;  decomposed,  by  boiling  with 
ordinary  phosphate  of  soda,  into  ordinary  phosphate  of  cupric  oxide  and 
pyrophosphate  of  soda.  (Stromeyer.)  If  Preparing  by  precipitating  a 
cupric  salt  with  pyrophosphate  of  soda.  Amorphous,  greenish-white 
powder,  which  becomes  dark  blue  when  dried  at  lOO*',  and  assumes 
a  lighter  blue  colour  on  ignition.  Dissolves  in  mineral  acids  and  ammonia^ 
and  likewise  in  pyrophosphate  of  soda.  When  boiled  with  caustic  potash, 
it  is  resolved  into  cupric  oxide  and  phosphate  of  potash.  Sulphurous 
acid  dissolves  it  without  converting  it  into  a  cuprous  salt,  and  the  solution, 
when  boiled,  deposits  it  again  in  the  crystalline  state.  The  salt  dried  at 
100°  contains  2CuO,PO*+2Aq.  The  two  atoms  of  water  are  given  off 
on  ignition.  (Schwarzenberg,  Ann.  Pkarm.  65, 156.) 

Schwarzenberg. 
Anhydrous.  Amorphouw.         Crystalline, 

2CuO  80*0       52*84       52*1       52*89 

iPO*    71*4       47*16       47*9       4711 

2CuO,tPO*    ....       151-4       100*00       100*0      10000 

2E2 


2CuO    

PO*   

80-0 
71*4 

4HO 

360 

Si03,A1202    
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F.    MbTAPHOSPHATE  of  CuPRIC  OxIDB,   or  CuPRIC   METAPfiOSPHATS. 

— ^Formed  by  adding  a  solution  of  copric  nitrate  to  dilute  phosphoric 
acid,  evaporating  and  heating  above  316°;  whereupon  it  is  deposited  in 
the  form  of  a  bluish -white  powder.  Insoluble  in  water  and  dilute  acids, 
but  soluble  in  strong  sulphuric  acid. 

MaddreU. 

CuO    40-0      .  .      35-9        35-7 

PO* 71-4       ...       641         64-3 

CiiO,aPO» 111-4       ....     100-0        1000 

(Maddrell,  Ann.  Pluirm.  61,  60.)  5 


Copper  and  Sulphur. 

A.  PisuLPUiDE  OF  Copper,  or  Cuprous  Sulphide. — ^Fonnd  in  the 
form  of  Copper-glance. — Formation.  —  I.  By  triturating  copper  with 
sulphur.  When  64  pts.  (-2  At.)  of  finely  divided  copper,  obtained  by 
reducing  the  carbonate  by  hydrogen,  and  16  pts.  (1  At.)  of  milk  of  sulphur 
are  dried  together  over  oil  of  vitriol,  and  triturated  together  in  a  mortar, 
so  gently  that  no  heat  is  produced  by  the  friction,  they  combine  as  soon 
as  a  uniform  mixture  is  attained,  and  form  bluish  disulphide,  the  combi- 
nation being  attended  with  a  development  of  heat  which  raises  the  mass 
to  redness.  If  the  proportion  of  the  copper  to  the  sulphur  be  even 
slightly  altered,  the  experiment  fails,  even  though  the  mortar  be  warmed. 
If  the  mortar  be  warmed  to  20°  or  25^,  it  is  not  necessary  to  dry  the 
powders  previously,  and  moreover,  flowers  of  sulphur  may  be  used  instead 
of  milk  of  sulphur,  only  that  longer  trituration  is  necessary  to  induce  com- 
bination. (Winkelblech,  Ann.  Pharm.  21,  34.)  Sulphide  of  copper  is  also 
formed  by  triturating  copper  filings  with  sulphur  and  water. — 2.  Thin 
copper  leaf  burns  with  vivid  inflammation  in  a  glass  flask  in  which  sulphur 
has  been  heated  till  it  volatilizes.  8  parts  of  copper  filings  mixed  with 
3  parts  of  pounded  sulphur  unite  with  incandescence  when  heated.  The 
same  compound  is  obtained  by  fusing  together  plates  of  copper  and  pounded 
sulphur,  arranged  in  a  crucible  in  alternate  layers. — 3.  By  igniting  prot- 
oxide of  copper  with  sulphur. — 4.  One  hundred  parts  of  dry  cupric  sul- 
phate heated  to  whiteness  in  a  crucible  lined  with  charcoal,  yield  47*6 
parts  of  disulphide  of  copj>er,  mixed  with  a  few  granules  of  the  metal. 
(Berthier,  Ann.  Chim.  Phys.  22,  236.) 

Copper-glance  belongs  to  the  right  prismatic  system.  Fig.  56  with 
the/)-face;  t :  ti=120*'  12^';  u  :  «'=60^  25';  a  : tt=l  15°  50';  i  :  <=115*>  58'. 
Cleavage  imperfect,  parallel  to  u.  (Mohs,  Pogg.  24,  428  ;  Mitscherlich, 
J.  pr.  Chem.  19,  451.)  The- crystals  of  copper-glance  were  formerly 
regarded  as  belonging  to  the  hexagonal  system.  Mitscherlich  {Pogg. 
24,  428),  by  fusing  together  large  quantities  of  copper  and  sulphur, 
obtained  regular  octohedrons.  Specific  gravity  of  the  native  sulphide, 
from  5  695  to  5*735  (Mohs);  of  the  artificial  compound,  5*9775  (Karsten). 
Disulphide  of  copper,  whether  natural  or  artificial,  is  harder  than  gypsum, 
slightly  malleable,  of  a  blackish  lead-grey  colour,  and  much  more  easily 
fu.sible  than  copper. 
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Berzelias.    Vauquelin.     Proust.      Klaprotb.    Schnabel. 
ariif,  artif.  artif,       Kothcnbwg.       Sicgen. 

2Cu 64  ....     80     ....     79-62     ....     78*69     ....     78     ....     76-5     ....     74-73 

IS   16  ....     20     ....     20-38     ....     21-31     ....     22     ....     22-0    ....     21*50 

Fe   ....  ....  .-.  •■••       0-5     ....       1-26 

SiO*    .  .  ..  .  .  .       2-00 

Cu«S   80  ....  100     ....  100-00     ....  10000     ...  100     ....     99-0     ....     99-49 

Bisulphide  of  copper  is  not  decomposed  when  heated  to  redness  out  of 
contact  of  air;  but  if  the  air  has  access  to  it,  combustion  takes  place,  and 
sulphurous  acid,  cupric  sulphate,  and  free  cupric  oxide  are  produced. 
When  heated  to  redness  in  a  current  of  aqueous  vapour,  it  is  but  slightly 
decomposed ;  but  at  a  white  heat,  it  yields  large  quantities  of  hydrogen 
gas  and  sulphuretted  hydrogen,  together  with  sublimed  sulphur,  and  the 
copper  is  completely  reduced  to  the  metallic  state.  (Regnault,  Ann,  Chim* 
Pkys,  62,  378.)  [What  becomes  of  the  oxygen  of  the  water  1] — By  phos- 
phuretted  hydrogen  gas  at  a  red  heat,  it  is  very  slowly  resolved  into 
Cu*P  and  sulphuretted  hydrogen.  (H.  Rose.) 

3Cu»S  +  PH»  =  Cu«P  +  3SH. 

Not  altered  by  ignition  in  a  stream  of  hydrogen.  (H.  Rose.) — Not  decom- 
posed by  chlorine  gas  at  ordinary  temperatures,  very  slowly  when  heated. 
(H.  Rose,  Fogg.  42,  540.)  Dissolves  with  difficulty  in  strong  boiling 
hydrochloric  acid,  with  evolution  of  sulphuretted  hydrogen  and  formation 
of  acid  hydrochlorate  of  cuprous  oxide ;  in  heated  nitric  acid,  it  dissolves 
with  separation  of  sulphur,  whereas  cold  nitric  acid  withdraws  half  the 
copper  and  leaves  protosulphide  of  copper. — ]  00  parts  of  disulphide  of 
copper,  ignited  with  77  parts  or  rather  less  of  nitre,  yield  from  66  to  70 
parts  of  metallic  copper.  (Berthier.) — When  disulphide  of  copper  is  fused 
with  a  mixture  of  caustic  soda  and  carbonate  of  soda,  part  of  the  copper 
is  reduced.  The  same  reducing  action  is  exerted  by  a  mixture  of  car- 
bonate of  soda  and  charcoal,  whereas  carbonate  of  soda  or  potash  alone 
has  no  effect.  When  1 00  parts  of  disulphide  of  copper  are  fused  with  70 
parts  of  dry  carbonate  of  soda  and  with  charcoal,  one  half  of  the  copper 
is  reduced,  and  the  rest  combines  as  sulphide  of  copper  with  the  sulphide 
of  sodium  which  is  formed;  when  1  part  of  disulphide  of  copper  is  heated 
to  whiteness  with  4  parts  of  carbonate  of  soda,  in  a  crucible  lined  with 
charcoal,  nearly  all  the  copper  is  reduced.  100  parts  of  sulphide  of  copper 
ignited  with  400  parts  of  dry  carbonate  of  soda  and  30  or  40  parts  of 
iron,  yield  at  most  60  parts  of  copper.  Also  when  sulphide  of  copper  is 
heated  to  whiteness  with  baryta  or  lime  and  charcoal,  part  of  the  copper 
is  reduced,  and  sulphide  of  copper  and  barium  or  sulphide  of  copper  and 
calcium  formed  at  the  same  time.  (Berthier,  Ann,  Chim.  Phys.  33,  160.) 
— When  disulphide  of  copper  is  fused  with  protoxide  of  lead,  the  mass 
boils  up  and  yields  sulphurous  acid,  dioxide  of  copper — which  combines 
with  the  undecomposed  lead-oxide,  forming  a  red  shining  slag — and 
metallic  lead.  100  parts  of  disulphide  of  copper  and  200  litharge,  yield 
104  parts  of  copper  containing  lead.  With  from  300  to  500  parts  of 
litharge,  a  grey,  semiductile  alloy,  rich  in  lead,  is  obtained.  When  1000 
parts  of  litharge  are  used,  280  parts  of  ductile  lead  separate  out,  and 
2500  parts  of  litharge  yield  385  parts  of  lead.  It  is  only,  therefore, 
with  this  last  proportion^  that  the  whole  of  the  sulphide  of  copper  is 
resolved  into  sulphurous  acid  and  cuprous  oxide : 

Cu«S  +  3PbO  =  Cu'O  +  SO^  +  3Pb. 
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Accordingly,  80  pts.  (1  At.)  Cu'S  should  separate  312  pts.  (3  At.)  of  lead 
=  100  :  390.  (Berthier,  Ann,  Chim.  Pkys,  89,  246.)  Lead  exerts  no 
decomposing  action  on  sulphide  of  copper  when  fused  with  it.  (Karsten.) 
Bisulphide  of  copper  ignited  with  the  protoxide  is  easily  converted  into 
sulphurous  acid  and  metallic  copper,  or  the  dioxide.  1  At.  Cu'S  and 
2  At.  CuO  are  completely  converted  into  sulphurous  acid  and  copper: 

Cu2S  +  2CuO  =  4Cn  +  SO». 

With  4  At.  CuO  [6  At.  according  to  Gmelin]  the  only  products  are  sul- 
phurous acid  and  cuprous  oxide : 

Cu^S  +  6CuO  =  4Cu30  +  SO*. 

Any  excess  of  disulphide  of  copper  remains  undecomposed.  (Karsten, 
Sckw,  66,  401.^*^Metallic  iron  decomposes  disulphide  of  copper,  though 
very  imperfectly,  yielding  copper  containing  iron,  iron  containing  copper, 
and  sulphide  oi  copper  and  iron.  Ferric  oxide  exerts  hut  a  slight  decom- 
posing action,  and  ferrous  silicate  none  at  all. 

B.  Protosulphidb  op  Copper,  or  Cupric  Sulphide. — ^Found  in  the 
form  oi  Indigo  Coppti*  or  Blue  Copper,  Breithauptite, — 1.  Precipitated  on 
passing  sulphuretted  hydrogen  through  a  cupric  salt,  in  h]ack  flakes, 
which  heoome  greenish-black  when  dry  and  redden  litmus.  The  specific 
gravity  of  the  sulphide  precipitated  by  sulphide  of  ammonium  and  dried 
out  of  contact  of  air  at  a  temperature  above  100°,  is  4*1634.  (Karsten.) 
—2.  When  finely  pounded  disulphide  of  copper  is  triturated  in  a  mortar 
with  cold  strong  nitric  acid  till  the  action  ceases,  and  then  washed,  pro- 
tosulphide  of  copper  remains,  in  the  form  of  a  greenish-black  powder. 
(Faraday,  Quart,  J,  of  Sc.  21,  183.) — Protosulphide  of  copper  ignited 
out  of  contact  of  air,  gives  off  half  its  sulphur  and  is  converted  into  the 
disulphide.  (Dobereiner,  Schw,  17,  414.)  iWhen  exposed  to  the  air  ia 
the  moist  state,  it  is  converted  into  sulphate  of  cupric  oxide.  {Sch.  30.) 
It  dissolves  in  hot  nitric  acid,  with  separation  of  sulphur  and  formation 
of  sulphuric  acid.  Hot  concentrated  hydrochloric  acid  dissolves  it  slowly, 
with  evolution  of  sulphuretted  hydrogen,  precipitation  of  sulphur,  and 
formation  of  acid  hydrochloratc  of  cuprous  oxide.  From  nitrate  of 
silver-oxide,  it  throws  down  sulphide  of  silver.  It  does  not  dissolve  in 
aqueous  sulphurous  acid,  caustic  potash ,  or  alkaline  hydrosulphates. 

Native  protosulphide  of  copper  is  found  sometimes  attached  to  and 
associated  with  copper  pyrites, — massive,  of  specific  gravity  3*8,  soft,  and 
of  a  bluish-black  colour, — sometimes,  in  the  fumaroles  of  Vesuvius,  in  the 
form  of  a  sooty  deposit  or  a  black  net-work  like  a  spider's  web. 
(Walchner,  Schw.  49,  158;  Covelli,  Ann.  Chim.  Fhys,  S5, 105;  also  Pogg, 
10,  494.) 


Cu  32      ....      66-67 

8 16      ....      33-33 

Pe  

Pb  

S08    


Walchner. 

GoTelli. 

HansBadeu. 

Ve«ttviiu. 

6477         ....         66 

32-64 

..        3? 

0-46 

1-05 

trace 

CuS    48       ....     10000        98-92         ....         98 

G.  PENTAfiULPHiDE  OF  CoppER. — Aquoous  pentasulphidc  of  potassium 
forms  with  cupric  salts  a  liver-coloured  precipitate  which  turns  black 
after  drying,  is  not  altered  by  exposure  to  the  air,  or  by  washing  with 
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boiling  water,  and^  when  recently  precipitated  dissolves,  in  aqueous  car- 
bonate of  potash,  forming  a  brown  solution.  (Berzelius.) — According  to 
Berzelius,  bisulphide,  tersnlphide,  and  tetrasulphide  of  potassium  give 
with  cupric  salts  a  precipitate  of  the  same  colour,  likewise  soluble  in 
carbonate  of  potash,  and  consisting  of  a  mixture  either  of  CuS  and  CuS* 
or  of  CuS»,  CuS»,and  CuS». 

D.  Hyposulphite  op  Cuprous  Oxide,  or  Cuprous  Htfosulphitb. 
—Formed  by  precipitating  hyposulphite  of  lime  with  sulphate  of  cupric 
oxide,  or  by  digesting  it  with  carbonate  of  cupric  oxide. — Colourless 
solution,  having  a  sweet  taste  and  turning  blue  in  the  air  when  super- 
saturated with  ammonia.  (Herschel.) 

E.  Sulphite  op  Cuprous  Oxide,  or  Cuprous  Sulphite. — 1.  Formed 
bv  digesting  cupric  oxide  or  its  hydrate  or  carbonate  with  aqueous  sul- 
phurous acid.  (Cbevreul,  Berthier.)  The  products  of  this  reaction  are 
soluble  cupric  sulphate  and  crystallized  cuprous  sulphite : 

3CuO  +  2SO»  =  CuO,SO»+Cu«0,SO». 

Ignited  cupric  oxide  is  but  slowly  acted  on  by  sulphurous  acid  at  ordinary 
temperatures;  but  on  the  application  of  heat,  the  decomposition  goes  on 
rapidly  and  is  attended  with  the  formation  of  a  blue  solution  of  cupric 
sulphate,  and  red  crystalline  scales  of  cuprous  sulphite,  amounting  to  eight 
parts  for  every  ten  of  the  cupric  oxide  used.  Carbonate  of  cupric  oxide 
dissolves  readily  and  with  effervescence  in  the  cold  acid,  forming  a  green 
solution  of  cupric  sulphite,  which,  slowly  in  the  cold,  more  quickly  in 
sunshine,  and  very  rapidly  if  gently  warmed,  turns  blue  and  deposits  red 
scales.  (Berthier.)  Finely  pounded  Azure  Copper-ore  acts  in  the  same 
manner  as  the  artificial  carbonate,  but  more  slowly.  (A.  Vogel, 
t/.  pr.  Chem.  30,  39.)  Hydrated  cupric  oxide  immersed  in  sulphurous 
acid  is  immediately  converted  into  brown-red  sulphite  of  cuprous  oxide. 
(Bottger,  Ann^  Pha^^m.  39,  178.)  2.  The  same  salt  is  precipitated  on 
mixing  aqueous  sulphite  of  potash  or  soda  with  a  warm  solution  of  cupric 
sulphate  or  nitrate.  (Chevreul.)  To  obtain  fine  crystals,  strong  potash- 
ley  saturated  in  the  cold  with  sulphurous  acid,  must  be  added  to  a  solution 
of  blue  vitriol,  the  liquid  filtered  from  the  small  quantity  of  cuprous 
sulphite  which  falls  down,  and  the  filtrate  gently  heated  till  the  crystals 
begin  to  separate  out.  (Bourson,  Compt,  rend.  13,  111;  abo  J.  pr,  Chem, 
25,  399.) 

Shining,  cochineal-coloured,  crystalline  granules  and  scales. — ^When 
heated  in  a  retort,  they  give  off  water  and  sulphurous  acid,  and  leave  a 
small  quantity  of  cuprous  oxide  of  a  somewhat  darker  red  colour. 
(Berthier.) — When  boiled  with  water,  they  are  resolved  into  sulphurous 
acid  gas,  cupric  sulphate,  cuprous  oxide,  and  a  small  quantity  of  sulphide 
of  copper.  (Chevreul,  Ann,  Chim.  83,  181;  also  Oilb.  48,  185.)  In  the 
dry  state,  they  do  not  alter  by  exposure  to  the  air  (Chevreul);  but  when 
moist,  they  are  converted  into  a  mixture  of  normal  and  basic  sulphate  of 
cupric  oxide.  (Berthier.)  Sulphuric  acid,  even  when  cold  and  dilute, 
decomposes  the  crystals  immediately,  converting  them  into  cupric  oxide 
which  dissolves,  and  dark  red,  finely  divided  metallic  copper.  They  are 
scarcely  soluble  in  water,  but  dissolve  in  sulphurous  acid,  hydrochloric 
acid,  and  ammonia.  (Berthier,  i\r.  Ann,  Chim*  7,  81.) 
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Crystallized.  CheTrcul. 

Cu»0    72  *    ....       59-02  56-82 

BO*  32      ....       26-23  32*18 

2HO 18       ....       U-75  1100 

Cu»0,S0»  +  2Aq 122       ....     10000         10000 

IT  The  composition  of  this  red  salt  is  variously  stated  by  different 
chemists.  Muspratt  (Ann.  Fharm,  50,  285)^  by  passing  sulphurons  acid 
gas  into  water  in  which  a  small  quantity  of  cupric  oxide  was  suspended, 
and  slowly  eyaporating  the  bright  green  solution  thereby  produced, 
obtained  after  a  few  cuiys,  large,  fine,  purple  crystals,  yielding  a  red 
powder:  they  were  found  to  consist  of  Cu*0,  SO'-f  Aq. — Bottinger  (Ann. 
Fharm.  52,  410),  by  mixing  a  solution  of  cupric  sulphate  with  sulphite  of 
ammonia  containing  but  a  small  quantity  of  free  sulphurous  acid,  obtained 
a  dirty  greenish-yellow  precipitate,  which,  on  the  addition  of  a  littlo 
sulphurous  acid,  was  rapidly  and  easily  converted  into  a  beautiful  green 
liquid.  If,  on  the  contrary,  the  sulphite  of  ammonia  contained  a  sufficient 
quantity  of  free  sulphurous  acid,  no  precipitate  was  produced  in  the  cold, 
the  liquid  merely  acquiring  a  green  colour.  But  on  slowly  heating  either 
of  these  solutions  to  about  GO'^,  a  white  salt  separated  out,  which  was 
found  to  be  a  double  sulphite  of  cuprous  oxide  and  ammonia.  At  a 
higher  temperature,  this  salt  is  quickly  converted  into  a  red  granular 
compound,  which,  when  examined  by  the  microscope,  ^is  found  to  con- 
sist of  oblique  four-sided  prisms.  The  same  red  salt  may  be  obtained 
immediately  by  heating  a  solution  of  blue  vitriol  with  sulphite  of 
ammonia  contaming  free  sulphurous  acid,  to  the  boiling  point.  Its  com- 
position, according  to  Bottinger,  is  as  follows: — 

Bottinger. 

3Cu»0 216       ....       56-55         56*28    to    5606 

4S0*  128       ...       33-93         34*44 

4HO  36       ...         9-52         9-28 

3Cu*0,4S02  +  4Aq.    380       ....     100-00         ~.       100*00 

This  salt,  when  boiled  for  a  long  time  in  the  liquid,  gives  off  sulphurous 
acid  and  becomes  lighter  in  colour.  In  this  state,  Bbttinger  found  it  to 
contain  66*6  p.  c.  Cu*0.  Hence  may  be  explained  the  discordant  results 
obtained  by  different  chemists  in  the  analysis  of  this  red  salt.— According 
to  Rammelsberg,  its  formula  is  CuO,SOHCu^O,SO'  +  HO.  If 

F.  Sulphite  of  Cupric  Oxide,  or  Cupric  Sulphite. — The  green 
liquid  obtained  by  dissolving  carbonate  of  cupric  oxide  in  cold  aqneons 
sulphurous  acid  consists  of  this  salt;  it  soon  changes,  however,  especially 
when  heated,  into  cuprous  sulphite  and  cupric  sulphate.  (Berthier.) 

'  G.  Hyposulphate  of  Cupric  Oxide,  or  Cupric  Hyposulphate. — 
a.  Quadrohasic. — Formed  by  mixing  the  aqueous  solution  of  h  with  a 
small  quantity  of  ammonia.  Verdigris-coloured  precipitate.  Turns 
violet-juice  green.  Does  not  absorb  carbonic  acid  from  the  air.  When 
heated,  it  assumes  first  a  dark  green  and  then  an  ochre-yellow  colour. 
Very  sparingly  soluble  in  water.  (Heeren.) 

Quadrobtme.  Heeren. 

4CaO 160      ....       59-70  60*36 

S«0«    72      ....       26-86  2735 

4HO   36       ....       13-44  12*29 

4CuO,S20»  +  4Aq 268      ....     100*00        ZZ       10000 
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b.  Monobasic, — Plreparation  Bimilar  to  that  of  the  corresponding 
ferrous  salt  (p.  236).  Rhombic  prisms,  having  the  lateral  edges  inclined 
at  angles  of  about  108*'  and  72°,  and  with  dihedral  summits  resting  on 
the  acute  lateral  edges.  The  crystals  are  slightly  efflorescent,  decrepitate 
violently  when  heated^  and  leave  52*69  per  cent,  of  cupric  sulphate* 
Very  easily  soluble  in  water^  but  insoluble  in  alcohol.  (Heeren.) 

Monobasic,  Heeren. 

CuO    40       ....       27-03         26-43 

S20»    72       ....      48-65         48*10 

4H0 36       ....       24-32         25-47 


CuO,S20«  +  4Aq 148       ....     100-00        100-00 


H.  Sulphate  op  Cupric  Oxide,  or  Cupric  Sulphate. — a.  Octo- 
bask, — Formed  by  mixing  a  solution  of  blue  vitriol  with  a  quantity  of 
potash  just  sufficient  to  precipitate  all  the  copper,  but  not  to  give  the 
liquid  an  alkaline  reaction — ^then  washing  and  drying  the  precipitate.-— 
Apple-green  powder.  Turns  blue  and  gives  off  water  when  heated. 
10-76  per  cent,  of  water  escapes  at  149'',  and  10*52  per  cent,  more 
between  149°  and  260°;  consequently,  6  atoms  of  water  are  more  inti- 
mately united  with  the  salt  than  the  other  six.  The  dehydrated  salt^ 
when  placed  in  contact  with  water,  regains  its  fine  green  colour  and 
becomes  heated.  (Kane,  Ann,  Ghim,  Pkys,  72,  269.) 


Kane. 

8-94 
12H0 108       ....       2308         21-28 


8CuO ♦ 320      ....      68-37        

S0» 40       ....         8-55         8-94 


8CuO,80'+12Aq 468       ....     10000 

b,  Qtuidrobasic, — Occurs  in  the  form  of  Brochantite,  The  hydrate 
and  the  recently-precipitated  carbonate  of  cupric  oxide  are  converted 
into  this  salt  by  immersion  in  a  solution  of  blue  vitriol.  (Proust,  A.  Gehl, 
6,  567.) — 2.  The  same  salt  is  also  formed  by  precipitating  a  solution  of 
blue  vitriol  with  so  small  a  quantity  of  potash  or  ammonia,  that  part  of 
the  solution  shall  remain  undecomposed.  (Proust,  Ann,  Chim,  32,  34; 
Berzelius,  Grilb,  40,  300;  Kiihn,  Schw,  60,  343.) — The  precipitate  carries 
down  with  it  a  quantity  of  sulphate  of  potash,  which  cannot  be  removed 
by  washing.  (Graham,  Ann,  Pharm.  29,  29.) — 3.  By  boiling  a  solution 
of  blue  vitriol  with  a  quantity  of  zinc-oxide  not  sufficient  to  throw  down 
the  whole  of  it.  The  precipitate  is  free  from  zinc.  (Brunner,  Pogg^ 
15,  479.) — 4.  The  same  salt  is  likewise  precipitated  from  a  solution  of 
blue  vitriol,  supersaturated  with  ammonia  and  exposed  to  the  air. 
(Kiihn.) — 5.  It  is  also  obtained  by  treating  with  water  the  green  powder 
which  remains  on  gently  heating  the  sulphate  of  cupric  oxide  and 
ammonia.  (Kane.) — Pale  green  powder. — Does  not  dissolve  in  water,  or 
give  up  any  of  its  sulphuric  acid  to  that  liquid.  Undergoes  no  alteration 
at  100°;  at  a  higher  temperature,  it  gives  off  water,  and  is  converted 
(after  first  turning  olive-green)  into  a  brown  mixture  of  cupric  oxide  and 
monobasic  cupric  sulphate,  which  latter  becomes  hot  by  contact  with 
water,  and  may  be  extracted  by  it;  but  if  the  solution  thus  formed  be  left 
to  stand  for  some  time  in  contact  with  the  cupric  oxide,  the  monobasic 
salt  is  reproduced.  (Proust.)  This  salt  gives  off  only  one  atom  of  water 
at  the  melting-point  of  lead.  (Graham.)  According  to  Kane,  no  water 
goes  off  below  149°,  but  at  that  temperature  the  whole  is  evolved;  the 
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blue  pulreralent  residue  absorbs  water  slowly  from  tbe  air,  but  quickly 
when  moistened,  tbe  combination  being  attended  with  erolution  of  beat, 
and  tbe  salt  acquiring  a  bluisb-green  colour. 

BrocharUite, — Crystalline  system  tbe  oblique  prismatic.  Fu^.  55, 
together  with  the  ^-face.  (Levy.)  The  Peruvian  mineral  is  a  pale  green, 
earthy  mass,  sometimes  of  the  hardness  of  soft  sandstone,  sometimes  friable 
between  the  fingers,  sometimes  argillaceous.  Boiling  water  extracts 
from  it  nothing  but  a  small  quantity  of  gypsum.  When  ignited  and 
subsequently  treated  with  water,  it  behaves  like  the  artificial  salt.  Con- 
tains 27  per  cent,  of  sand  mixed  with  it.  (Proust,  N,  GehL  2,  54.) — 
The  mineral  from  Siebenbiirgen  resembles  malachite  in  external  appear- 
ance, but  has  a  higher  lustre  and  darker  colour.  Sp.  gr.  from  3*78  to 
3*87.  At  a  red  heat,  it  gives  off  a  small  quantity  of  sulphurous  acid 
together  with  water.  Before  the  blowpipe  on  charcoal,  it  fuses  and 
yields  a  button  of  copper.  (Magnus,  Fogg.  14,  141.) — Berthier  {Ann. 
Chim,  Phyi,  50,  360)  examined  a  similar  compound  from  Mexico. 

Proust.    Kane.         KUhn.       Bmnner.    BeneUns.  Proust  Magnus.  Bertliier. 


artif,     artif. 


artif. 


artif. 


artif.     native,    native,     native. 


CuO 68  ...  ....  67-11  ....  65-61  ....  6422  ....  70  ....  6693  ....  66-2 

SO* 18  ....  16-81  ....  18-36  ...  22-61  ....  21-28  ....  19  ....  1743  ....  16-6 

HO 14  ....  15-73  ....  14-53  ....  11-78  ....  14-50  ....  11  .  ,  1192  ....  17*2 

PbO ...  ...  .  .                105 


100 


10000 


100-00  ....  100-00    ...100  .i».100-47  ...1000 


The  analytical  results  vary  between  the  three  following  formulsB  : 
a.  4CuO,SO>  +  4  Aq.— 5.  4CuO,  S0>h-3  Aq.=CuO,  SO»  +  3(CuO,  HO).— 
c.  3CuO,  SO' +  3  Aq.  —  The  calculations  from  these  formulsD  give  the 
foUowing  per  ceniages : 


At. 


a. 


At. 


b. 


At. 


e. 


CuO  .... 

4  .... 

160  ... 

.  67-80 

4  .., 

.  160  ... 

.  70-49 

3 

....  120  .... 

64-17 

so«  . ... 
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HO  .... 
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36  .  . 
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.  27 

.  11-89 
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....  27  .... 
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100-00 
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100-00 
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Berzelins  (Jahresber,  11,  176),  on  further  examination  of  the  salt  precipi- 
tated by  an  insufficient  quantity  of  potash,  found  that  it  contained  not 
quite  4  At,  but  considerably  more  than  3  At.  cupric  oxide  to  1  At. 
sulphuric  acid;  probably,  therefore,  a  mixture  of  two  basic  salts. 

c.  Bihasic  f — When  an  aqueous  solution  of  125  pts.  (1  At.)  blue 
vitriol  is  digested  for  some  months  with  40  pts.  (1  At.)  of  finely  pulve- 
rized cupric  oxide,  the  liquid  becomes  completely  decolorized,  and  a  green 
powder  insoluble  in  water  is  produced.  (Thomson,  Ann.  Fkil.  17,  244.) 

A  concentrated  solution  of  blue  vitriol  digested  with  cupric  oxide 
takes  up  a  certain  quantity  of  that  substance,  and  yields  four-sided 
prisms  terminated  by  four-sided  pyramids.  (Leblanc,  J.  Phys.  55,  30 1. J 
Any  pale  green  precipitate  [of  quadrobasic  salt]  that  may  be  formed 
during  the  digestion,  disappears  again  on  the  addition  of  more  blue  vitriol 
solution.  The  crystals  are  distinguished  from  those  of  blue  vitriol,  not 
only  by  their  form,  but  likewise  by  their  blue  colour.  (Hiiuefeld,  Schw. 
50,  342.) 
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d,  Manobatie. — Stdphate  of  Copper,  Blue  VUriol,  Copper-vitriol, 
Cyprian  VUrioL^^OcGVLTB  here  and  there  as  a  modern  natural  for* 
matioQ. 

Formation. — 1.  When  copper  is  immersed  for  half  a  year  in  an 
aqueous  solution  of  sulphurous  acid  contained  in  a  close  vessel^  cuprio 
sulphate  and  sulphide  of  copper  are  formed,  and  the  acid  loses  its  odour, 
(Barruel.) 

2Cu  +  2S0>  =  CnO,  SO^  +  CuS. 

2.  Copper  heated  with  oil  of  yitriol  yields  cuprio  sulphate  and  sulphurous 
acid  gas ; 

CU  +  2S08  =  CuO,S0'  +  S0«; 

part  of  the  sulphurous  acid,  however,  acts  on  the  copper  as  in  (1),  so  that 
the  cupric  sulphate  produced  is  mixed  with  sulphide  of  copper.     This 
sulphide  of  copper  appears  to  constitute  the  hlack  powder  which  Ber* 
zelius  {An7i.  Chim.  Phys,  2,  228)  supposed  to  consist  of  cuprous  sulphate. 
Even  at   ordinary  temperatures,  sulphuric  acid   kept  in  contact  with 
copper  in  a  close  vessel  slowly  produces  cupric  sulphate,  with  simul* 
taneous  formation  of  sulphide  of  copper.  (Barruel,  J.  Fharm,  20,  15.)— 
Copper-turnings  and  oil  of  vitriol  placed  together  in  a  vessel  completely 
filled  with  the  liquid,  and  closed,  exhibit  the  following  phenomena  : — 
At  the  end  of  one  week,  a  pale  rose-coloured  liquid;  auer  3  weeks,  the 
liquid  decolorized,  the  copper  still  bright;  after  8  weeks,  a  small  quantity 
of^  brownish  powder,  consisting  of  sulphide  of  copper,  depositee!  at  the 
bottom  of  the  vessel;  this  powder  continues  to  increase  in  quantity  up  to 
the   fifth  month,    and  finally,   transparent    and  colourless  crystalir  of 
anhydrous  cupric  sulphate,  which  form  a  blue  solution  in  water,  are 
deposited  on  the  sides  of  the  vessel.     After  the  lapse  of  six  months,  the 
colourless  liquid  emits  a  strong  odour  of  sulphurous  acid,  and  turns  blue 
when  mixed  with   water,   showing  that  it  contains  anhydrous  cuprio 
sulphate  dissolved  in  oil  of  vitriol.     Hence  it  appears  that  the  sulphuric 
acid  is  slowly  decomposed,  yielding  cupric  sulphate  and  sulphurous  acid; 
and  the  latter  is  at  first  wholly  expended  in  forming  (according  to  1 ) 
sulphide  of  copper  and  cuprio  sulphate   with   the  rest  of  the  copper. 
(Barruel.)     Even  a  mixture  of  60  drops  of  oil  of  vitriol  with  6  ounces  of 
water  inclosed  with   copper  in   a  bottle   for   69  days,  yields  a  liquid 
which  is  colourless,  but  turns  blue  on  the  addition  of  ammonia,  while 
the    copper    becomes    covered    with    black   cupric    oxide    [sulphide?]. 
(J.  Davy,  iT.  Edinh,  Phil,  J,  8,  229.) — 3.  If.  the  air  has  access  to  the 
liquid,  the  copper  gradually  takes  up  oxygen  from  it,  and  dissolves  in  the 
sulphuric  acid,    whether   it  be   dilute   ur  moderately   concentrated.  •— 
4.  Disulphide  of  copper  heated  in  the  air  forms  cupric  sulphate  and  free 
cupric  oxide.     Even  at  ordinary  temperatures,  many  copper-ores  con- 
taining sulphide  of  copper,  yield  blue  vitriol  by  contact  with  air  and 
water. 

Preparaixon.-^l,  By  heating  1  At.  copper  with  at  most  2  At.  oil  of 
vitriol  till  the  residue  is  dry — then  exhausting  with  hot  water,  filtering 
from  the  copper  and  sulphide  of  copper,  and  cooling  the  filtrate  till  it 
crystallizes.  32  pts.  copper  require  98  oil  of  vitriol;  which  may  be 
diluted  with  ono-third  of  its  weight  of  water.  —  2.  By  heating  3  At. 
copper  with  3  At.  oil  of  vitriol  and  1  At.  nitric  acid  together  with 
water ; 

3Cu  +  33Q>  +  NO*  =f  3(CttQ,  S0»;  +  N0». 
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32  pis.  of  copper,  49  oil  of  vitriol,  55*7  nitric  acid,  and  of  specific  gravity 
1*26  (or  48'1  of  sp.  gr.  1*3,  or  40*6  of  sp.  gr.  1*35)  are  placed  together  in 
a  warm  situation  till  the  greater  part  of  the  copper  is  dissolved,  then 
kept  boiling  for  some  time,  and  afterwards  filtered  and  cooled.  This 
process  yields  from  120  to  126  partB  of  crystallized  blue  vitriol  free  from 
nitric  acid.  (Anthon,  Repert.  81,  344.) — 3.  By  exposing  copper  to  the 
united  action  of  the  air  and  of  dilute  sulphuric  acid. — Five  or  more 
leaden  troughs  are  loosely  filled  with  copper-turnings — ^the  first  trough 
charged  with  dilute  sulphuric  acid  of  15^  to  20^  Bm. — ^the  acid  then 
drawn  oil*  into  the  second  trough,  and  from  that  into  the  third,  and  so  on. 
The  copper  turnings  thus  moistened  with  acid  are  exposed  to  the  air  for 
twelve  hours — the  acid  is  then  allowed  to  remain  in  each  trough  for  two 
hours — and  this  transference  of  the  acid  from  one  trough  to  the  other  is 
continued  till  the  acid  is  fully  or  nearly  saturated  with  cupric  oxide. 
The  salt  is  then  crystallized  by  evaporation  and  cooling,  and  the  remain- 
ing copper  treated  in  the  same  manner  with  a  fresh  quantity  of  acid. 
(B^rand,  Pogg,  14,  285.) — 4.  Sulphide  of  copper,  either  natural  or 
artificial,  is  roasted,  and  the  resulting  cupric  sulphate  dissolved  out  by 
water. — Copper-pyrites,  in  the  form  of  powder,  is  roasted  for  six  hours 
on  the  hearth  of  a  reverberatory  furnace,  being  frequently  stirred  all 
the  time,  and  left  in  the  hot  furnace  over  night.  If  the  heat  is  not 
strong  enough,  nothing  but  green  vitriol  is  produced  (from  the  sulphide 
of  iron  in  the  copper-pyrites),  but  if  suflicient  heat  is  applied,  the  ferrous 
sulphate  is  for  the  most  part  converted  into  ferric  oxide.  The  hot  roasted 
ore  is  exhausted  with  water,  the  liquid  evaporated  to  a  moderate  degree 
of  concentration,  and  left  to  cool  in  wooden  vessels,  in  which  sticks  are 
placed  for  the  crystals  to  attach  themselves  to.  The  mother^liquid,  when 
further  evaporated  and  cooled,  yields  a  blackish -brown  salt,  which  like- 
wise contains  iron,  cobalt,  and  manganese.  The  exhausted  ore  is  smelted 
for  blue  copper.  Ten  parts  of  ore  yield  3  parts  of  blue  vitriol.  This  is 
the  process  adapted  at  Rheinbreitenbach.  (Funcke,  N,  Tr,  1,  1,  270.) — 
4  parts  of  copper-cuttings  are  heated  to  redness  in  a  reverberatory  furnace, 
and,  after  all  the  air-vents  have  been  stopped,  brought  in  contact  with 
one  part  of  sulphur.  As  soon  as  the  sulphide  of  copper  has  formed,  the 
air-holes  are  opened,  the  flame  allowed  to  act  on  the  mass  for  a  while, 
and  the  whole  then  left  to  cool  with  the  furnace  imperfectly  closed.  The 
blue  vitriol  is  then  dissolved  out  of  the  mass  by  water — the  solution 
evaporated  in  leaden  boilers — ^then  transferred  to  wooden  clarifiers  for  the 
undissolved  matter  to  settle  down — and  the  decanted  liquid  further  eva- 
porated till  it  crystallizes.  The  portion  of  the  sulphide  of  copper  not 
taken  up  by  the  water  is  again  ignited,  roasted,  e^uiausted  with  water, 
&c.,  &c. — 5.  Blue  vitriol  is  also  obtained  as  a  by-product  in  the  sepa- 
ration of  silver  from  the  ore. 

The  blue  vitriol  of  commerce  may  contain  the  sulphates  of  manganous 
oxide,  zinc-oxide,  ferrous  oxide,  and  cobalt-oxide.  If  the  aqueous  solution 
be  acidulated  with  sulphuric  acid  and  the  copper  precipitated  by  sul- 
phuretted  hydrogen,  the  above-mentioned  metals  remain  in  the  filtrate, 
and  mskj  be  recognized  after  sufficient  concentration. — Blue  vitriol  thus 
contaminated  may  be  rendered  continually  purer  by  repeated  crystal* 
lization. 

The  anhydrous  salt  is  obtained  in  colourless  transparent  crystals  by 
the  action  of  cold  oil  of  vitriol  on  copper  in  close  vessels.  (Barruel.) — It 
may  also  be  produced  by  heating  the  hydrated  crystals;  it  then  takes  the 
form  of  a  white,  opaque,  friable  mass,  of  specific  gravity  3*572.  (Karsten.) 
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The  salt,  when  dissolved  in  water,  has  an  astringent  metallic  taste  and 
reddens  litmus. — At  a  strong  red  heat,  it  gives  off  all  its  acid,  partly  in 
the  form  of  sulphurous  acid  and  oxygen  gas  (Gay-Lussac),  partly  as 
anhydrous  sulphuric  acid.  (Bnssy.) — By  hydrogen  at  a  red  heat,  it  is 
reduced  to  the  state  of  metallic  copper.  (Arfvedson,  Fogg*  1,  74.) 
Heated  to  dull  redness  with  excess  of  charcoal,  it  gives  off  carbonic  and 
sulphurous  acid  gases  in  exactly  equal  volumes,  while  copper  free  from 
sulphur  remains  behind: 

CuO,  S03  +  C  =  Ca  +  SO'  +  C0\ 

At  a  higher  temperature,  a  violent  disengagement  of  gas  takes  place,  and  a 
mixture  of  metallic  copper  and  sulphide  of  copper  remains,  because  the 
sulphurous  acid  gas  evolved  in  the  inner  and  less  heated  part  of  the 
mixture,  acts  upon  the  copper  and  charcoal  in  the  outer  portions,  in  such 
a  manner  as  to  form  sulphide  of  copper  and  carbonic  acid.  (Gay-Lussac, 
J,  pr.  Ckem.  11,  69.) — When  gently  heated  in  a  stream  of  phosphuretted 
hydrogen  gas,  the  salt  gives  off  water  and  sulphurous  acid,  turns  brown, 
and  is  finally  converted  into  a  black  mixture  of  phosphide  of  copper  and 
variable  quantities  of  the  disnlphide.  (H.  Rose,  Pogg.  24,  330.) — The 
aqueous  solution  added  in  excess,  colours  pentasulphide  of  antimony 
brown,  and  if  boiled  for  some  time  with  that  substance,  yields  a  mixture 
of  black  sulphantimoniate  of  copper  alid  white  antimonic  acid.  (Ram- 
melsberg,  Pogg.  52,  241): 

15(CuO,  SO»)  +  8SbS*  =  5(3CuS,  SbS»)  +  3SbO«  +  15S0». 

(For  the  decomposing  action  of  zinc  on  the  aqueous  solution,  see  p.  409.) 
— Crystallized  blue  vitriol  dissolves  in  aqueous  hydrochloric  acid  with  a 
reduction  of  temperature  amounting  to  about  17%  and  forms  a  green 
liquid,  which,  when  formed  by  the  action  of  at  least  1  atom  of  hydro* 
chloric  acid  on  1  atom  of  blue  vitriol,  yields,  on  evaporation  and  cooling, 
crystals  of  pure  hydrated  chloride  of  copper,  the  whole  of  the  sulphuric 
acid  remaining  in  the  mother-liquid  in  the  free  state.  No  sulphate  of 
copper  crystaUizes  out  unless  the  proportion  of  hydrochloric  acid  is  less 
than  one  atom.  If,  however,  the  crystallized  chloride  of  copper  is  left 
for  some  time  exposed  to  the  air  in  contact  with  the  mother-liquid  which 
contains  the  sulphuric  acid,  crystals  of  blue  vitriol  are  reproduced  [in 
consequence  of  the  evaporation  of  the  hydrochloric  acidi]. — Cupric 
sulphate  containing  no  water,  or  only  1  atom,  absorbs  rapidly  and  with 
great  evolution  of  neat,  a  quantity  of  hydrochloric  acid  gas  amounting  to 
nearly  one  atom:  no  water  is  set  free,  but  a  dark  chocolate-coloured  mass 
is  formed,  which  rapidly  gives  off  all  its  hydrochloric  acid  at  a  higher 
temperature,  but  when  dissolved  in  water,  yields  crystals  of  chloride  of 
copper  and  a  mother-liquid  containing  free  sulphuric  acid.  When  hydro- 
chloric acid  gas  is  passed  over  ordinary  blue  vitriol  (containing  5  At. 
water)  in  the  state  of  powder,  great  heat  is  evolved,  water  is  given  off, 
and  the  salt  rapidly  absorbs  rather  more  than  1  atom  of  hydrochloric  acid 
(in  consequence  of  the  water  being  set  free)  and  forms  a  grass-green 
mass — brown  where  the  salt  has  been  most  strongly  heated — which 
fumes  strongly  from  evolution  of  hydrochloric  acid,  and  is  very  acid  and 
deliquescent.  (Kane,  Phil.  Mag,  J,  8,  353;  also  Ann,Pharm,  19,  1.) 

In  the  humid  way,  cupric  sulphate  resolves  itself  with  sal-ammoniac 
into  sulphate  of  cupric  oxide  and  ammonia,  and  protochloride  of  copper 
(A.  Vogel,  Karsten);  with  common  salt,  into  sulphate  of  cupric  oxide  [and 
soda?]   and  protochloride  of  copper   (Boussingault,  Ann,  Chim,  Phys, 


480  COPPEIL 

51^  390);  with  nitrate  of  potash  or  soda,  into  sulphate  of  cnprie  oxide  and 
potash  or  soda^  and  nitrate  of  cnpric  oxide  (Karsten). 

ComhinatioTis  vnth  Water. — When  cupric  sulphate  which  hajs  beea 
dehydrated  by  heat  is  moistened  with  water,  the  water  is  absorbed,  the 
temperature  rises  135°,  and  the  salt  acquires  a  blue  colour.  (Graham.) — 
When  exposed  to  moist  air  for  3  days,  it  takes  up  the  5  atoms  of  water 
belonging  to  ordinary  blue  vitriol.  (Brandos,  Schw,  51,  436.) 

».  Mono-hydrated, — Remains,  when  the  penta-hydrated  salt  is  heated 
in  vacuo  to  38^,  in  the.  form  of  a  greenish-white,  friable  mass,  which,  at  a 
temperature  between  221°  and  242°,  gives  off  its  last  atom  of  water  and 
becomes  white.  (Graham,  Pkil.  Mag,  J,  6,  419.^ 

ft  Bi-hydrated. — The  penta-hydrated  salt  tept  for  7  days  in  vacao 
over  oil  of  vitriol  at  a  temperature  between  19^  and  21°,  loses  such  a 
quantity  of  water,  that  17 "336  parts  (nearly  2  At.)  of  water  remain 
combined  with  80  parts  (1  At.)  of  the  anhydrous  salt. 

y.  Penta-hydraied. — The  ordinary  form  of  cupric  sulphate. — Separates 
from  the  aqueous  solution,  on  cooling,  in  azure-blue,  transparent  crystals 
belonging  to  the  doubly  oblique  prismatic  system.  Figi.  121,  122,  123, 
and  other  forms,  y  :  ^=109°  32';  y  :  ir=128°  37';  u  :  tr=124°  2';  u  :n=z 
150°  20';  u  :w=l26°  11',  &c.  Cleavage  indistinct,  parallel  to  y,  «,  and 
V.  (Hauy.)  Sp.  gr.=2-274.  (Kopp.)  The  crystals  effloresce  on  the 
surfece  in  dry  air.  They  dissolve  in  3  parts  of  cold  and  |^  pt.  of  boiling 
water.  One  part  of  the  crystals  dissolves  at  4°  in  3*32  pts.,  at  19*^  in 
2-71,  at  31^  in  184,  at  37*5°  in  1*7,  at  50°  in  114,  at  625°  in  1-27  [?],  at 
75°  in  1-07,  at  875°  in  075,  at  100°  in  055,  and  at  104°  in  047  parts  of 
water.  (Brandos  &r  Fimhaber.)  The  crystals  dissolve  at  17*5°  in  2-412 
parts  of  water,  forming  a  solution  whose  density  is  1  '182.  (Karsten.)  A 
solution  saturated  at  8"^  has  a  density  of  1*17.  (Anthon.)  Glaeial  acetic 
acid  completely  precipitates  blue  vitriol  from  its  aqueous  solution. 
(Persoz.) 

Thomson.     Berzelins.         Proust.        Kirwui. 

CuO  40    ....     32      ....      32     ....      32*13      ....       32      ....       40 

SO»    40     ....     32       ....       32     ....       31-57       ....       33       ....       31 

5HO 45     ....     36       ....       36     ....       36*30       ....       35       ....       29 

CuO,S05  +  5Aq 125     ....  100      ....     100    ....     100*00      ....     100      ....     100 

The  native  blue  vitriol  from  Chili  contains  small  quantities  of  the 
sulphates  of  ferric  oxide,  lime,  magnesia,  and  alumina.  (H.  Rose,  Pogg. 
27,318.) 

The  colourless  solution  of  anhydrous  cupric  sulphate  in  oil  of  vitriol 
acquires  a  beautiful  violet  or  violet-blue  colour  by  contact  with  nitric 
oxide  gas.  The  liquid  is  immediately,  decolorized  by  dilution  with 
water,  and  likewise  by  oxidizing  agents,  such  as  hyponitric  acid,  nitric 
acid,  nitrates,  and  manganic  sulphate,  but  not  by  nitrites.  (Desbassins  de 
Richemont,  J*  Chim.  M^d.  11,  504.) — Jacquelam  {Compt,  rend.  14,  643) 
was  unable  to  produce  this  violet  compound,  and  suspects  the  presence  of 
green  vitriol  in  the  blue  vitriol  used  by  Desbassins.  But  the  colour  is 
quite  different,  and  is  produced  even  in  pure  blue  vitriol  diffused  through 
rectified  sulphuric  acid,  (Gm.) 

I.  Carbosulphide  of  Copper  ? — When  bisulphide  of  carbon  is  passed 
over  red-hot  copper,  the  carbon,  according  to  Cluzel,  is  separated  and 
deposited  on  the  surface  of  the  copper;  but  according  to  Berzelins, 
Thenard  &  Yauquelin,  the  bisulphide  of  carbon  combines  as  a  Whole 
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Witt  the  copper,  forming  a  slining  black  substance,  whicb,  wben  treated 
with  nitric  acid,  leaves  a  residue  of  charcoal. 

K.  SuLFHocARBONATE  OP  CoppER. — Cuprfc  salts  yield  with  sulpho- 
carbonate  of  calcium  a  dark  brown  precipitate,  soluble  and  forming  a 
dark  brown  solution  in  excess  of  sulphocarbonate  of  calcium,  black  after 
drying;  when  distilled,  it  first  gives  off  bisulphide  of  carbon,  then  sulphur, 
and  leaves  disulphide  of  copper.  (Berzelius.) 

L.  Cuprous  Hyposulphophosphite. — a.^^Biladc, — 2Cu*S,PS. — 
Remains  in  the  form  of  a  liver-coloured  powder,  when  the  compound 
2Cu*S,PS*  is  ignited  in  a  retort. 

6.  Monobasic, — Disulphide  of  copper  does  not  combine  with  protosnl- 
phide  of  phosphorus  when  the  two  are  heated  together;  but  when  the 
following  compound  (M)  is  ignited  in  a  retort,  PS  is  first  evolved,  then  a 
sulphide  of  phosphorus  richer  in  sulphur,  and  there  remains  a  liver- 
coloured  powder =Cu%PS,  which  assumes  a  lighter  colour  when  rubbed, 
and  if  ignited  in  the  air,  is  converted,  with  faint  glow  (but  without  phos- 
phorus-flame), into  sulphurous  acid  gas  and  a  black,  oxidized  mass. — The 
same  compound  is  produced  by  the  action  of  PS  on  dichloride  of  copper 
dissolved  in  ammonia.  (Berzelius.) 

M.  CupRic  HiPosuLPHOPHosPHiTB. — Protosulph  ide  of  copper  preci- 
pitated by  sulphuretted  hydrogen  from  a  solution  of  blue  vitriol,  then 
washed  with  water  freed  from  air  by  boiling,  and  dried  in  vacuo,  is 
treated  with  protosulphide  of  phosphorus  in  the  bulb-apparatus,  as 
described  in  the  preparation  of  sulphide  of  phosphorus  and  zinc  (p.  26). 
Combination  then  takes  place,  attended  with  so  great  a  development  of 
heat,  that  the  excess  of  sulphide  of  phosphorus  is  almost  instantly  distilled 
off;  what  remains  is  afterwards  expelled  by  the  application  of  a  very 
gentle  heat.  The  compound  is  left  in  the  tube  till  it  is  cold;  it  contains 
a  few  granules  of  uncombined  sulphide  of  copper,  which  are  harder  than 
the  rest  of  the  mass. — Black-brown,  becoming  lighter  when  pulverized. — 
When  heated  in  the  air,  it  bums  with  a  phosphorus-flame,  and  leaves  a 
light  liver-coloured  powder.  When  distilled,  it  behaves  iu  the  manner 
mentioned  under  L,.  6. — Insoluble  in  dilute  hydrochloric  acid,  but  dis- 
solves to  a  slight  extent  in  that  acid  when  hot  and  concentrated,  forming 
a  deep  yellow  solution,  from  which  it  is  completely  precipitated  in  dark 
brown  flakes  by  water,  so  that  the  liquid,  after  dilution,  no  longer  retains 
a  trace  of  copper.  (Berzelius,  Ann,  Fharm,  46,  252.) 


Berzelius. 

Cu 

32-0 

33-54 

37-57 

P    

31-4 

32-92 

30-60 

2S 

32-0 

33-54 

30-16 

CuS,PS 95-4       ....     100-00         98*33 

The  compound  aoalyzed  by  Beridiw,  being  mixed  with  a  small  quantity  of  free 
sulphide  of  copper,  the  proportion  of  phosphorus  came  out  rather  too  small,  and  that  of 
copper  rather  too  great.  (Berzelius.) 

N.  Cuprous  Sulphophobphtte.  —  Bihasic.  —  Bisulphide  of  copper 
precipitated  from  a  solution  of  blue  vitriol  in  excess  of  ammonia  by  soda- 
liver  of  sulphur,  is  washed,  dried  in  vacuo,  and  treated  with  protosulphide 
of  phosphorus,  in  the  bulb-apparatus  above  mentioned  (p.  26).     Com- 
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bination  takes  place  in  this  oose  also,  with  great  eTolution  of  heat.  Tke 
excess  of  sulphide  of  phosphorus  is  driven  off  by  a  very  gentle  heat,  i 
stream  of  hydrogen  being  passed  through  the  apparatus  all  the  time. 
Deep  yellow  powder.  Heated  in  a  retort  to  commencing  redn^B,  it 
ffives  off  2  atoms  of  sulphur,  and  leaves  the  compound  L,a( 2Ca'S,PS). 
May  be  set  on  fire  in  the  air,  and  bums  with  a  faint  phosphorus-flame, 
being  converted  into  a  shining  mass,  which  smells  of  sulphurous  acid. 
(Berzelius.) 


4Cu 

P 

5S    

128-0 

31-4 
800 

53-47 
1311 
33-42 

51-54 
13-09 
35-17 

2Cu»S,PS»  ....       239-4       ....     10000        99*80 

The  ezcesi  of  sulphar  obtained  in  the  analysis  proceeds  from  the  admixtare  of  a 
small  quantity  of  2CuS,PS*.  (Berzeltas.) 

0.  CupRic  SuLPHOPHOspHATE. — a.  Octobosic, — Remains  in  the  form 
of  a  yellow  powder,  on  gently  heating  the  bibasic  compound,  h,  (Berzelius.) 

8Cu 256-0       ...       51-67         5205 

P 31-4       ....        6-34         7-27 

13S 208-0       ....       41-99         40'68 

8CuS,PS*  ....       495-4       ....     lOOOO         ZZ       10000 

h,  Bibasic  — 2CuS,PS\  —  Formed  by  gently  heating  2  atoms  of 
CuS,PS  with  4  atoms  of  sulphur,  1  atom  of  1^  volatilizing. 

2(CuS,PS)  +  4S  =  2CaSpPS»  +  PS. 

If,  however,  the  heat  rises  a  little  too  high,  PS'  is  given  off  as  well  as  PS, 
and  the  compound  0,a  remains.  (Berzelius,  Ann,  JPharm,  46,  278.) 


Copper  and  Selenium. 

A.  DiSELBNiDE  OF  CopPER,  or  CupRous  Srlenibe. — Found  native. 
Formed  by  heating  copper  with  selenium,  the  combination  being  attended 
with  ignition  ;  or  by  igniting  the  protoselenide  in  a  close  vessel.  Dark 
steel-grey;  has  a  close  fracture,  and  fuses  at  a  temperature  considerably 
below  redness.  When  heated  in  the  air  for  a  long  time,  it  gives  up  only 
a  portion  of  its  selenium,  emitting  an  odour  of  horse-radish,  and  leaving 
greyi  brittle,  easily  fusible  copper.  (Berzelius.) 


2Ca 

Se... 


Berielios. 

Smaliind. 

64     .. 

..     61-54 

64 

40    .. 

..     88-46 

40 

Cn*Se    104     ....  10000        100 

B.  Protoselenide  op  Copper,  or  Cupric  S£LENiDE.*-By  precipi- 
tating blue  vitriol  with  seleniuretted  hydrogen.  Black  flakes,  which 
become  dark  grey  in  drying,  and  acquire  the  metallic  lustre  by  pressure. 
Gives  off  half  its  selenium  on  distillation.  (Berzelius.) 

C.  Cuprous  Selenite. — By  digesting  hyJrated  cuprous  oxide  with 
aqueous  selenious  acid.     White  powder,  insoluble  in  water.  (Berzelius.) 


'.  1 
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D.  CupRic  Selenite  — a,  Basic. — By  precipitating  blue  vitriol  with 
selenite  of  ammonia  containing  excess  of  ammonia.  Pistachio-green, 
becoming  black  when  heated,  and  giving  off  first  the  water,  and  then 
the  whole  of  the  acid,  with  intumescence.  Insoluble  in  water,  but  soluble 
in  ammonia. 

6.  Monoselenite. — On  mixing  a  warm  aqueous  solution  of  blue  vitriol 
with  biselenite  of  ammonia,  bulky,  curdjr,  yellowish  flakes  are  produced, 
which  are  quickly  converted  (slowly  in  the  cold)  into  small,  silky, 
greenish-blue  crystals.  When  heated,  they  give  off  water,  and  become 
liver-coloured ;  then  fuse,  turn  black,  and  give  off  all  their  water  with 
ebullition.  Insoluble  in  water  and  in  aqueous  selenious  acid.  (Berzelius.) 
a  According  to  Muspratt  {Chem.  Soc,  Qu.  J.  2,  66),  this  salt  acquires  a 
bright  blue  colour  when  dried  over  oil  of  vitriol. 

Maspratt. 

3CuO 120       ....       40-40         40*55 

3Se02 168       ....       56-56        56-03 

HO    9       ....         304        3-42     ....     3*18 

3(CuO,  Sc03)  +  Aq 297       ....     10000         ~.       10000  ^ 

E.  CupRic  Seleniate. — Crystals  isomorphous  with  those  of  the 
sulphate.  (Mitscherlich.) 

Copper  and  Iodine. 

A.  Diniodide  op  Copper,  or  Cuprous  Iodide. — 1.  Formed  by 
heating  finely  divided  copper  with  iodine. — 2.  By  precipitating  a  solu- 
tion of  dichloride  of  copper  in  hydrochloric  acid  with  iodide  of  potassium. 
(Sarphati.)  If  the  hydrochloric  acid  is  in  too  great  excess,  a  small 
portion  of  iodide  of  copper  remains  dissolved  in  it ;  and  if  the  quantity  of 
hydrochloric  acid  is  too  small,  dichloride  of  copper  may  be  precipitated 
together  with  the  iodide.  (Buchner,  Eepert.  78,  8.) — 3.  By  precipitating 
a  dissolved  cupric  salt  with  iodide  of  potassium,  half  of  the  iodine  being 

2(CnO,  SOS)  +  2KI  =  2(K0,  S0»)  +  Cu«I  + 1. 

The  precipitate  mnst  be  washed  with  alcohol,  to  free  it  from  adhering 
iodine.  (Berthemot.)  By  precipitating  a  solution  of  cupric  sulphate  in  a 
sufficient  quantity  of  aqueous  sulphurous  acid,  with  iodide  of  potassium. 
(Duflos,  Ann,  Pharm.  39,  253.) 

2(CaO,  SOS)  +  KI  +  SO^  =  KO,  3S0«  +  Cun. 

5.  By  precipitating  the  aqueous  solution  of  1  At.  cupric  sulphate,  and  at 
least  1  At.  ferrous  sulphate,  with  iodide  of  potassium.  (Soubeiran, 
J.  Pharm.  13,  427.) 

2(CuO,  S03)  +  2(FeO,  S0»)  +  KI  =  KO,  SO^  +  Fc^O^,  3S0»  +  Cu«I. 

According  to  Soubeiran,  iodide  of  copper  obtained  by  precipitation 
and  dried  at  40^,  contains  4  per  cent,  of  water,  so  that  its  formula  is 
Cu'I+Aq.,  or  Cu'0,HI.  —  6.  Becquerel,  by  the  electrolytic  process, 
(1,401)  obtained  iodide  of  copper  in  octohedrons. 

Iodide  of  copper  obtained  by  precipitation  is  a  brownish-white  powder. 
When  heated,  it  gives  off  4  per  cent,  of  water,  and  at  a  red  heat  fuses 
into  a  brown  mass^  which  yields  a  green  powder.  (Soubeiran.)     It  is  but 

VOL.  V.  2  p 
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imperfectlj  decomposed  bj  ignition  in  a  stream  of  bydrogen  gas. 
(H!:  Rose,  F^g,  4,  110.)  When  ignited  with  peroxide  of  naanganese,  it 
IB  resolved  into  iodine  vaponr  and  cupric  oxide.  (Soubeiraxu)  With 
nitric  acid,  it  yields  vaponr  of  iodine,  nitric  oxide  gas,  and  cnprio  nitrate; 
and  with  oil  of  vitriol,  it  yields  iodine  vaponr,  sulphnrons  acid  gas^  and 
cnpric  sulphate.  (Soubeiran.) 

Can  +  4S0»  =  2(CttO,  SO^  + 1  +  2S0«. 

Iodide  of  copper  boiled  in  water,  with  zinc,  tin,  or  iron,  yields  metallic 
copper  and  a  aissolved  iodide  of  the  other  metal.  (Berthemot,  J,  Pharm* 
14,  614.)  Aqueous  fixed  alkalis  form  metallic  iodides  and  separate 
dioxide  of  copper;  a  similar  reaction  is  produced  by  carbonate  of  potash 
or  soda,  carbonic  acid  being  likewise  evolved.  No  decomposition  is  pro- 
duced by  carbonate  of  baryta,  strontia,  or  lime,  or  by  alumina.  (Berthemot, 
comp,  II.  250.) 

2Cu      64        33-68 

I  126         66-32 


Cu«1 190        100-00 

B.  loDATE  OF  CrpRTO  OxiDB,  or  CvPRic  loDATE. — lodic  acid  and 
iodate  of  soda,  mixed  with  blue  vitriol  and  left  over  night,  form  a  white 
precipitate.  (Pleischl.)  Iodate  of  soda  precipitates  cupric  salts  only 
when  highly  concentrated;  it  then  forms  a  bluish-green  precipitate.  The 
salt  is  best  prepared  by  dissolving  hydrated  cupric  oxide  in  dilute  iodic 
acid.  At  200^  it  loses  7*07  per  cent,  of  water;  when  more  strongly 
heated  m  a  retort,  it  gives  off  oxygen  gas  and  iodine  vapour,  and  leaves 
cupric  oxide  free  from  iodine.  It  dissolves  in  hydrochloric  acid,  with 
evolution  of  chlorine;  and  on  the  addition  of  anmionia,  iodide  of  nitrogen 
is  precipitated.  It  dissolves  in  302  parts  of  water  at  15%  in  154  parts  of 
boUing  water,  and  easily  in  ammonia^  forming  a  dark  blue  solution. 
(Rammelsberg,  Pogg,  44,  569.) 

C.  Periodate  of  Cupric  Oxide,  or  Cupric  Periodate. — Monobasic 
periodate  of  soda  yields,  with  cupric  nitrate,  a  siskin-green  precipitate, 
which  dissolves  in  dilute  nitric  acid,  and  becomes  yellowish  when  heated. 
(Benckiser,  Ann.  Pkarm,  17,  260.) 


Copper  akd  BRoxnfB. 

A.  DiBROMiDB  OF  CoppER,  OF  CupRous  Brohidb. — ^Copper  does  not 
combine  with  bromine  at  ordinary  temperatures,  but  on  the  implication  of 
heat,  combination  takes  place :  —  1.  When  bromine  is  placed  at  the 
sealed  end  of  a  glass  tube,  the  upper  part  of  the  tube  filled  with  fine 
copper  wire,  and  the  copper  heated  to  dull  redness,  combination  takes 
place,  attended  with  vivid  incandescence.  The  protobromide  which  mixes 
with  the  mass  is  dissolved  out  by  water.  On  dissolving  the  product  ia 
aqueous  hydrobromic  acid,  any  copper  which  may  remain  uncombined  is 
left  behind,  and  the  dibromide  may  be  precipitated  from  the  solution  by 
water.  (Lowig.)  Another  mode  of  preparation  is  to  heat  thin,  rolled-up 
copper-foil  in  a  flask,  at  the  bottom  of  which  some  bromine  is  placed,  and 
when  combination  attended  with  ignition  is  set  up,  to  drop  more  bromine 
in,  till  the  whole  of  the  copper  disappears.    In  this  manner,  dibromide  of 
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copper  18  obtained  in^  tbe  form  of  a  fused  mass.  (Berthemot,  Ann.  Chim. 
Phy9,  44,  385;  also  J,  Pharm.  16,  651.) — 2.  By  igniting  protobromide 
of  copper.  (Rammelsberg.) 

By  precipitation  :  white  powder ;  after  fusion :  greyish-brown  mass 
(Lb wig);  greenish-brown  mass,  having  a  crystalline  fracture,  and  trans- 
lucent when  in  thin  laminse.  (Berthemot.)  Fuses  at  a  red  heat,  but  does 
not  Tolatilisse  if  heated  in  close  vessels,  and  with  difficulty  in  an  open 
vessel.  (Lb wig.)  In  a  close  vessel,  it  may  be  heated  strongly  without 
decomposition;  but  when  heated  in  the  air,  it  gives  off  vapours  which 
impart  a  green  colour  to  the  flame  of  alcohol,  and  leaves  a  residue  of 
cupric  oxide.  (Berthemot.)  Dissolves  in  nitric  acid,  with  evolution  of 
nitric  oxide.  (Lb wig.)  Dissolves  without  decomposition  in  aqueous  hydro- 
bromic  or  hydrochloric  acid.  Dissolves  in  ammouia,  but  not  in  water. 
Not  decomposed  by  boiling  oil  of  vitriol  or  acetic  acid.  (Berthemot.) 

Berthemot. 

2Cu' 640    ....    44-94        ....        447 

Br    78-4     ....     55-06        ....        55*3 


Cu'Br 142-4     ....  100*00        ....       1000 

Hydrobromate  of  Dibromide  of  Copper,  or  Acid  Htdrobromate 
OF  Cuprous  Oxide. — Dibromide  of  copper  forms  a  colourless  solution 
with  concentrated  hydrobromic  acid.  This  solution  yields,  with  green 
vitriol,  a  precipitate  of  metallic  copper. 

Cii«Br  +  3(FeO,SO»)  =  2Ctt-f  FeBr-f-Fe*0*.3S0>. 

From  a  solution  of  protobromide  of  mercury,  it  throws  down  dibromide 
of  mercury,  and  from  a  solution  of  chloride  or  bromide  of  gold,  it  precipi- 
tates metallic  gold.  Water  decomposes  it,  throwing  down  dibromide  of 
copper. 

B.  AQUEOUS  CupROSo-cupRio  Bromide,  or  Hydrobromate  of 
CuPROso-cupRic  Oxide. — ^When  an  aqueous  solution  of  protobromide  of 
copper  is  slowly  evaporated,  it  gives  on  bromine,  and  is  converted  into  a 
dark  brown  liquid,  which,  on  the  addition  of  water,  recovers  its  original 
green  colour,  and  yields  a  precipitate  of  dibromide  of  copper. 

C.  Protobromide  of  Copper,  or  Cuprio  Bromide. — Formed  by 
evaporating  the  solution  of  cupric  oxide  in  aqueous  hydrobromic  acid, 
and  fusing  the  residue  at  a  gentle  heat.  (Lb wig.)  The  residue  is  iron- 
black,  like  plumbago.  (Berthemot.)  If  the  solution  be  left  to  evaporate 
in  vacuo  over  oil  of  vitriol,  anhydrous  shining  crystals  are  obtained, 
resembling  iodine  in  appearance.  (Rammelsberg,  Pogg,  55,  246.)—- 
According  to  Berthemot,  protobromide  of  copper  gives  off  half  its  bromine 
even  below  a  red  heat;  according  to  Rammelsberg,  it  gives  off  36*8  per 
cent.,  and  leaves  dibromide  of  copper. 

Cu 32-0       28-99 

Br 78-4       71-01 


CuBr 110-4       100-00 

Hydroited  Protobromide  of  Copper,  or  Hydrobromate  of  Cupric  Oxide. 
— The  emerald-green  solution  of  cupric  bromide  in  water,  or  of  cuprio 
oxide  in  aqueous  hydrobromic  acid,  or  of  copper  in  a  mixture  of  hydro- 
bromic and  nitric  acids,  becomes  brown  on  evaporation,  and  yields  right 
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reetan^lar  prisma  (greenish-yellow  needles^  according  to  Berthemot), 
which  fuse  at  a  gentle  heat,  giving  off  their  water,  and  leaving  a  residue 
of  anhydrous  protobromide  of  copper.  (L5wig.) 


Cu 

Br 

6HO 

32-0     ....       20-59 
78-4     ....       50-46 
45-0     ....       28-95 

CoO  

HBr   

4HO  

400     .. 
79-4     .. 
36-0     .. 

25-74 
51-09 
23-17 

CaBr  +  5Aq 

..     155-4     ....     10000 

CaO,HBr  +  4Aq. 

155-4     .. 

..     10000 

Protobromide  of  copper  and  the  hjdrated  crystals  deliquesce  in  the  air, 
and  dissolve  readily  in  water;  the  green  solution  turns  brown  on  evapora- 
tion, and  likewise  when  mixed  with  oil  of  vitriol  or  with  salts,  these 
substances  depriving  it  of  its  water.  (Lowig.) 

D.  CupRiG  OxY-BROMiDE,  and  Basic  Hydrobromate  of  Cupric 
OxiDBi — Ammonia  added  to  an  aqueous  solution  of  cupric  bromide,  pre- 
cipitates the  hydrated  compound  m  the  form  of  a  pale  green  powder, 
which,  when  gently  heated,  is  converted  into  the  anhydrous  compound,  and, 
at  a  higher  temperature,  gives  off  bromine,  and  yields  a  grey  compound 
of  Protoxide  of  Copper  with  Dibromide  of  Copper,  (Lbwig.) 

Bromine-water  yields  with  cupric  oxide,  an  olive-green  substance, 
which  is  insoluble  in  water;  does  not  discharge  vegetable  colours,  but 
liberates  nitrogen  from  ammonia;  is  decomposed  by  tlie  weakest  acids, 
even  by  carbonic  acid,  with  evolution  of  bromine ;  and  when  heated  to 
1^0^  gives  off  oxygen,  bromine,  and  water,  and  is  converted  into  cupric 
oxy-bromide.  The  olive-green  substance  is  probably  a  mixture  of  hypo- 
bromite  of  cupric  oxide  with  cupric  oxybromide.  (Balard,  J,  pr,  Cheim: 
4,  179.) 

E.  Bromatb  op  Cupric  Oxide,  or  Cupric  Bromate. — a,  Sexhagie, — 
Formed  by  precipitating  the  solution  of  h  with  an  insufficient  quantity  of 
ammonia. — Light  blue  precipitate,  which,  when  heated  to  200"*,  gives 
off  its  water  and  assumes  a  grass-green  colour.    (Rammelsberg,  Pogg. 

55,  to,) 

Rammebberg. 

6CiiO 2400      ....      53-52        5301 

BrO»   118-4       ....       26-40        2639 

lOHO 90-0      ....       2008         20-60 


6CuO,BrO*  +  10Aq 4484 


10000 


10000 


^  h.  Monobasic^^The  solution  of  cupric  carbonate  in  aqueous  bromic 
acid,  fields  indistinct,  bluish-green  crystals,  which  do  not  effloresce  in 
the  air,  but  dry  up  in  vacuo  over  oil  of  vitriol,  yielding  a  greenish- white 
powder.  At  180°,  they  give  off  the  greater  part  of  their  water,  acquiring 
a  dark  colour  at  first;  at  200°,  the  whole  of  the  water  goes  off,  together 
with  bromine.  At  a  red  heat,  there  remains  a  mixture  of  oxide  and 
oxybromide  of  copt>er,  amounting  to  between  25  and  28  per  cent.,  which 
cannot  be  dissolved  out  by  water.  (Rammelsbeig,  Pogg,  52,  92.) 


CttO 
BrO* 
5H0 


CryttalUzed. 

40-0       .  .       19-67 

118-4       ...       58-21 

450       ...       22-12 


Rammelsberg. 

19-73 
56-06 


CuO,BrO»  +  5Aq 203-4 


10000 
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Copper  and  Chlorine. 

A.  DicHLORiDE  OF  CoppER,  or  CuPRous  Chloridb. — Bojlo's  Retina 
Cupri. — 1.  Copper  filings  and  copper  foil  introduced  into  chlorine  gas  at 
ordinary  temperatures,  born  with  a  red  light,  and  form  dichloride  and 
protochloride  of  copper.  (J.  Davj,  Schw.  10,  31*2.)  Copper  reduced  from 
the  carbonate  bj  hydrogen  gas,  bums  in  chlorine  at  ordinary  tempera- 
tures with  a  white  name.  (Osann.) — 2.  Copper  heated  with  protochloride 
of  mercury,  yields  vapour  of  mercury  and  dichloride  of  copper.  (Boyle.) 
The  decomposition  takes  place  most  readily  with  1  pt.  capper  to  2  pts. 
corrosive  sublimate.  (J.  Davy.)  More  exactly,  64  pts.  (2  At.)  copper  and 
136  pts.  (1  At.)  corrosive  sublimate. — 3.  A  plate  of  copper  immersed  in 
hydrochloric  acid  in  a  flask  containing  air,  becomes  covered  with  white 
tetrahedrons  of  dichloride  of  copper.  (Proust.) — 4.  The  compound  may 
also  be  formed  by  agitating  copper-filings  with  a  solution  of  the  proto- 
chloride in  a  close  vessel  (Proust) : 

CuCl  +  Cu  =  Ca*Cl. 

5.  By  precipitating  the  sulphate,  hydrochlorate,  nitrate  or  acetate  of 
cupric  oxide,  with  aqueous  protochloride  of  tin,  or  by  treating  the  hydrate 
or  carbonate  of  cupric  oxide  with  protochloride  of  tin  dLssolved  in  hydro- 
chloric acid.  (Proust) : 

2CaCl  +  SnCl  =  Ca<Cl+  SnCl>. 

6.  By  treating  aqueous  protochloride  of  copper  with  phosphorus,  ether, 
sugar,  &c. — 7.  By  heating  the  protochloride  in  a  retort  for  a  considerable 
time;  digesting  the  residue  with  water  for  several  days  with  the  retort 
closed,  to  dissolve  out  the  undecomposed  protochloride;  and  pouring  off 
the  resulting  solution;  the  residue  consists  of  dichloride.  (Proust.)  — 8.  By 
agitating  pulverized  dioxide  of  copper  with  hydrochloric  acid  iu  a  close 
vessel.  (Proust,  Chenevix.) 

When  obtained  by  precipitation,  it  presents  the  form  of  a  white 
crystalline  powder,  which  acquires  a  dingy  violet  and  blackish-blue  tint 
by  exposure  to  sunlight.  (Proust.)  Crystallizes  from  its  solution  in  hot, 
concentrated,  hydrochloric  acid  in  white  tetrahedrons  (Proust),  which 
turn  bluish  when  exposed  to  light.  (Mitscherlich,  J»  pr,  C/iem,  19,  449.) 
According  to  J.  Davy,  it  separates  in  olive-green  prisms.  Fuses  some- 
what below  a  red  heat,  and  when  slowly  cooled,  solidifies  in  a  translu- 
cent, light  yellow  mass  (greyish- white;  Proust);  the  residue  obtained  by 
rapid  cooling  is  of  a  dark  brown  colour,  and  confused  texture.  (J.  Davy.) 
Specific  gravity  of  the  melted  mass= 3*677.  (Karsten.)  (As,  however,  it 
was  obtained  by  fusion  of  the  protochloride,  it  may  perhaps  have  contained  some  of 
that  compound ;  Gm.)  In  close  vessels  it  does  not  volatilize,  even  when, 
very  strongly  heated,  but  if  heated  in  the  air,  it  goes  off  in  white  vapours. 
(J.  Davy.) 

J.  Davy. 

2Cu    640      ....      64-38        64 

CI   35*4       ....       35-62         36 

CnSCl 99^4      ....     100-00        ~.      100 

Or :  Berzelius.  Gay-Lussac. 

Cu«0 72-0      ....      73-58        72-97 

Cl-0  27-4       ....      26-42        27*03 

Wl      ....     100-00        ~.      100*00 
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When  heated  to  redness  in  a  stream  of  hydrogen^  it  is  converted  into 
metal  and  hjdrochlorio  acid  gas;  in  an  atmosphere  of  phosphuretted 
hjdroffen,  it  yields  one-sixth  phosphide  of  copper  and  hydrochlorio  acid 
gas.  (H.  Rose^  ^ogp.  4,  110;  6,  205.)  With  iron-filings  under  water,  it 
yields  metallio  copper  and  soluble  protochleride  of  iron.  (Proust.)  Ferrous 
sulphate  added  to  the  solution  of  dichloride  of  copper  in  hydrochloric 
acid,  throws  down  metallic  copper.  (Proust.) — Dichloride  of  copper  turns 
yellow  when  boiled  with  water ;  but  the  decomposition  is  not  complete. 
(Proust.)  With  fused  hydrate  of  potash,  or  the  aqueous  solution  of 
potash,  it  yields  dioxide  of  copper  and  chloride  of  potassium.  (Proust.) — 
When  exposed  to  the  air  in  the  diy  state,  it  slowly  attracts  moisture  and 
turns  green;  in  the  moist  state,  it  is  quickly  converted  into  a  green  mass. 
(Proust.)  With  nitric  acid,  it  forms  first  a  violet,  and  then  a  blue  solu- 
tion, the  action  being  attended  with  great  rise  of  temperature  and  violent 
evolution  of  nitric  oxide.  (Proust.)  A  mixture  of  dichloride  of  copper 
and  oil  of  vitriol  assumes  a  faint  violet  colour  when  covered  with  a  thin 
layer  of  fuming  nitric  acid.  (Gm.)  The  hydrochloric  acid  solution  of 
dichloride  of  copper  imparts  a  blue  colour  to  molybdic  acid,  decolorizes 
recently  precipitated  Prussian  blue,  throws  down  calomel  from  a  solution 
of  corrosive  sublimate,  and  metallic  gold  from  a  solution  of  gold. 
(Proust.) — Dichloride  of  copper  does  not  dissolve  in  water,  or  in  dilute 
sulphuric  acid;  but  dissolves  without  colour  in  strong  hydrochloric  acid, 
in  aqueous  ammonia,  and  in  solution  of  common  salt. 

Aqtieatu  HydrochloraU  of  GuprouB  Chlorid$y  or  Acid  HydroMoraU  of 
Cuprous  Oxide. — Formed  by  dissolving  dichloride  of  copper  in  strong 
hydrochloric  acid;  or  by  agitating  the  acid  in  a  close  vessel  with  dioxide 
of  copper,  or  with  a  mixture  of  the  protoxide  and  excess  of  metallic 
copper;  or  by  agitating  copper-filings  with  a  solution  of  the  protochleride 
strongly  supersaturated  with  hydrochloric  acid;  or  by  mixing  the  same 
solution  with  ether  and  exposing  it  to  the  sun*s  rays. — The  colourless 
liquid  prepared  hot,  deposits  crystals  of  dichloride  of  copper  on  cooling. 
The  solution,  when  mixed  with  a  considerable  quantity  of  water,  deposits 
the  greater  part  of  the  dichloride  in  the  form  of  a  white  powder.  (Proust, 
Schtr,  J,  8,  490;  also  A.  GM,  6,  573.)  Small  quantities  of  ammonia 
added  to  the  solution,  produce  transparent  cubes  of  dichloride  of  copper 
and  ammonium,  which  dissolve  in  a  larger  quantity  of  ammonia,  forming 
a  colourless  liquid  which  turns  blue  on  exposure  to  the  air.  Fomine 
nitric  acid  imparts  to  the  solution,  a  dark  greenish-brown  colour,  which 
afterwards  changes  to  yellow,  with  evolution  of  nitrous  gas.  (Gm.) 

B.  CiTPRic  Oxide  with  Cuprous  Chloride. — ^Cu'Cl,  2CuO. — The 
residue  obtained  by  heating  cupric  oxychloride  (CuCO,  3CuO).  Proust. 

C.  Aquhoub  Cuproso-cupric  Chloride,  or  Hydrochloratb  op 
CupROBO-cuPRic  Oxide. — Found  by  exposing  the  solution  of  cuprous 
oxide  in  excess  of  hydrochloric  acid  to  the  air;  by  mixing  the  same 
solution  with  a  solution  of  protochloride  of  copper;  or  by  agitating  the 
latter  with  a  small  quantity  of  copper-filings. — Dark  brown  liquid. 
(Proust.) 

D.  Protochloride  of  Copper,  or  Cupric  Chloride. — 1.  Formed  by 
the  combustion  of  copper  in  chlorine  gas, — 2.  Dichloride  of  copper  im- 
mersed in  chlorine  gas  is  slowly  converted  into  the  protochloride. — 
3.  By  heating  the  mono-hydrochlorate  of  oupric  oxide  somewhat  above 
200^ 
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Prepared  by  (1 )  it  forms  a  brown  sublimatei  by  ^3)^  a  brownisb-jellow 
powder.  Fusible.  Has  a  caustic  metallic  taste.  At  a  red  heat,  it  gives 
off  Half  its  chlorine,  and  is  converted  into  the  dichloride.  Heated  in  a 
current  of  phosphuretted  hydrogen,  it  yields  hydrochloric  acid  gas  and 
triphosphide  of  copper.  Fused  with  phosphorus,  it  forms  chloride  of 
phosphorus  and  phosphide  of  copper.  (H.  Rose,  Fogg.  27,  117.) — Not 
decomposed  by  anhydrous  sulphuric  acid  at  ordinary  temperatures. 
(H.  Rose,  Fogg.  38,  121.) — Oil  of  vitriol  does  not  decompose  it  at 
ordinary  temperatures,  but  completely  when  heated,  hydrochloric  acid 
being  evolved.  (A.  Vogel.) — From  the  aqueous  solution,  phosphorus 
throws  down  dichloride  of  copper,  and  forms  phosphoric  acid  (Boeck); 
the  same  precipitate  is  likewise  produced  by  mercury,  with  formation  of 
dichloride  of  mercury;  by  silver,  with  formation  of  chloride  of  silver, 
black  at  first  but  afterwards  white  ^Wetclar,  Sckw.  52,  475);  and  by 
protochloride  of  tin,  with  formation  ol  bichloride  of  tin.  Bichloride  of 
copper  is  also  precipitated  on  boiling  the  aqueous  solution  with  sugar, 
and  partly  remains  dissolved  in  the  hydrochloric  acid,  produced  by 
the  reaction  (A.  Vogel);  a  solution  of  protochloride  of  copper  mixed 
with  ether  ana  exposed  to  the  sun's  rays  loses  its  colour,  and  on  the 
addition  of  water  yields  a  precipitate  of  the  dichloride.  (Gehlen,  A.  GM. 
3,  570.)  Heated  in  a  current  of  defiant  gas,  protochloride  of  copper 
yields  a  mixture  of  copper  and  dichloride  of  copper.  (Wohler.) 

The  reaction  will  be  more  lully  described  under  the  head  of  Olefiant  gtu, 

J.  Dayy. 


Ctt  

CI   

..      32-0      .... 

47-48 
52-52 

47 
53 

CuCl  ... 

Or: 

CuO 

Cl-0 

40-0 
27-4 

67-4 
....       40-65 

10000 

Berzeliiu. 

59-79 
40-21 

100 

Gay-Lu88 

62-05 
37-95 

67-4       ....     100-00        10000        ....       100-00 

Hydrated  Frotochloride  of  Copper,  or  Mono-hydrochloraU  of  Cupric 
Oxide, — 1.  Protochloride  of  copper,  when  exposed  to  the  air,  turns  green, 
and  finally  deliquesces  to  a  green  liquid. — 2.  The  same  compound  is 
formed  when  copper  immersed  in  hydrochloric  acid  is  exposed  to  the  air 
for  a  considerable  time.  The  dichloride  of  copper  and  quadrobasic  hydro- 
chlorate  formed  at  first,  are  converted,  by  longer  action  of  the  air  and  of 
hydrochloric  acid,  into  a  green  solution  of  protochloride  of  copper.— 
d.  By  dissolving  copper  in  aqua-regia.— 4.  By  dissolving  cupric  oxide  or 
carbonate  in  hydrochloric  add.  The  solution  of  cupric  oxide  in  concen- 
trated hydrochloric  acid  is  attended  with  great  development  of  heat.  The 
emerald-green  solution,  when  evaporated  and  cooled,  yields  green,  right- 
angled  four-sided  prisms.  These  crystals  fuse  when  gently  heated,  giving 
off  water,  and  being  converted  into  anhydrous  protochloride  of  copper. 
(Proust.)  At  100°,  they  turn  brown,  and  give  off  the  greater  part  of 
their  water,  but  they  do  not  part  with  the  whole,  which  amounts  to  21-53 
per  cent.,  till  they  are  raised  to  a  much  higher  temperature.  (Graham, 
Ann.  Fharm,  29,  31.)  Cold  oil  of  vitriol  likewise  abstracts  water  from 
them,  and  converts  them  into  the  brown  anhydrous  protochloride,  which 
it  does  not  dissolve  or  decompose.  (A.  VogeL)  The  crystals  deliquesce 
in  the  air. 
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Ctt 

CI 

2H0 

...      32-0 
...       35-4 
...       18-0 

...      37-47) 

...      41-45/         • 

...       21-08 

Graham. 
78-47 
21-53 

CaCl  +  2Aq 

Or: 

CuO 

Cl-O  

2H0 

...       85-4 

...       40-0 

...       27-4 

..       180 

...     10000 

46-84 
3208 
21-08 

....       10000 

Proust. 
40 
24 
36 

85-4 

10000 

100 

The  solution  of  protochloride  of  copper  in  a  small  quantity  of  water 
is  emerald-green,  but  a  large  quantity  turns  it  pale  blue.  The  concen- 
trated solution  assumes  a  yellow  colour  on  the  addition  of  strong  hydro- 
chloric acid.  With  oil  of  vitriol  it  solidifies  into  a  brown  mass.  Cha- 
racters traced  on  paper  with  the  solution  turn  yellow  when  heated. 

Protochloride  of  copper  is  likewise  soluble  m  alcobol  and  ether. 

E.  CuPRic  OxTCHLORiDE. — a.  CuCl,2CuO. — An  aqueous  solution  of 
protochloride  of  copper  is  precipitated  with  a  quantity  of  potash  not 
sufficient  to  decompose  the  whole  of  it,  and  the  pale  green  precipitate — 
which  is  the  hydrated  compound — is  washed  and  dri^,  and  then  heated 
till  the  water  is  driven  off,  whereby  it  is  converted,  first  into  a  brown, 
and  then  into  a  black  powder.  (Kane,  Ann,  Chim,  PhyB.  72,  277.) 


3Cu 

CI    

20  

96-0 
35-4 
160 

....       6513 
24-01 
10-86 

Kane. 
63-78 
23-59 
10-77 

CuCl,2CuO    

...       147-4 

....     100-00 

98-14 

a.  Mono-hydrated, —  CuCl,2CuO-|-Aq. —  Remains  in  the  form  of  a 
chocolate-coloured  powder,  when  the  ter-hydrated  compound  /9  is  kept 
for  some  time  at  a  temperature  of  138''. — /9.  Ter-hydrated, — CuCt2CaO  -h 
dAq. — The  anhydrous  compound,  when  moistened  with  water,  becomes 
very  hot,  and  assumes  a  fine  green  colour,  brighter  than  Brunswick-green. 
-^The  ter-hydrated  compound  heated  to  138^,  gives  off  11*08  per  cent,  of 
water,  and  is  converted  into  m,  and  at  260^  it  gives  16*83  p.  c,  and  is 
converted  into  the  anhydrous  compound. — y.  Tetra-hydrated, — The  pale 
green  precipitate  above  mentioned.  Of  a  paler  colour  than  Brunswick- 
green.  Gives  off  21 '.51  per  cent,  of  water  on  ignition,  and  if  after- 
wards  moistened  and  dried  at  38°,  again  takes  up  16*78  per  cent. 
(Kane.) 

At.  a.  Kane. 

CaCl,2CnO    ....     1     ....     147*4       ....       94*24         93*55 

HO 1     ....         9-0      .  5-76         6-45 

156-4       ....     100-00        ZZ       10000 

At.  p.  Kane. 

CuCl,2CuO    ....     1     ....     147-4       ....       8452         8317 

HO 3     ....       270       ....       15-48         1683 

174*4       ....     100*00         ZZ       100-00 

6.  CuCl,  3CuO. — Obtained  by  gently  heating  the  hydrated  compound. 
Brown.  Gives  off  oxygen  ^t  a  red  heat,  and  is  converted  into  a  com- 
pound of  protoxide  and  dichloride  of  copper.  (Proust.) 

CaCl,3CiiO  s=  Cu»Cl,2CuO  +  0. 
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HydraJUd  Gupric  Oxychloride,  or  Quadrohasic  Hydrochloraie  of  Cupric 
Oxide, — Found  in  nature  as  AtakamUe, — Prepared  on  the  large  scale  by 
method  (4)  as  Brunswick-green,  which  forms  an  oil-colour  not  affected  by 
SQU-light. — 1.  The  anhydrous  compound  is  reconverted  into  the  hydrate 
by  contact  with  water.  (Proust.) — 2.  Moist  dichloride  of  copper  exposed 
to  the  air  is  converted  into  a  green  mixture  of  hydrated  protochloride, 
which  may  be  extracted  by  water,  and  hydrated  cupric  oxychloride  : 

3Cu2Cl  +  30  =  2CuCl  +  CuCl,3CuO. 

3.  By  digesting  aqueous  protochloride  of  copper  with  the  hydrated  prot- 
oxide; or  by  mixing  it  with  a  small  quantity  of  alkali  (Proust ),  suffi- 
cient, however,  for  the  precipitation  of  the  dissolved  salt.  (Kane.) — 4.  By 
exposing  copper-foil  to  the  air,  moistening  it  repeatedly  with  hydrochloric 
acid  or  solution  of  sal-ammoniac,  and  exhausting  the  product  with  water. 
— The  artificially-prepared  salt  is  a  pale  green  powder.  When  gently 
heated,  it  gives  off  water,  and  is  converted  into  the  black  anhydrous 
compound.  Cold  oil  of  vitriol  turns  it  brown,  and  separates  protochloride 
of  copper.  When  heated,  it  gives  off  hydrochloric  acid.  (A.  Vogel.) 
Insoluble  in  water,  but  easily  soluble  in  acids. 

Atakamite  forms  crystals  belonging  to  the  right  prismatic  system. 
Fig.  47  and  61,  with  y-  and  i-facos;  u'  :  ^=112''  45';  cleavage  parallel 
to  t  and  y;  less  distinct,  parallel  to  p  and  u.  Sp.  gr.  =4 '4;  hardness 
equal  to  that  of  calcspar.  Translucent,  emerald,  grass,  or  blackish-green. 
Colours  the  blowpipe-flame  blue  with  a  green  border,  fusing,  and  yielding 
a  bead  of  copper  surrounded  with  slag.  (Berzelius.) 

CuCl    67-4        30-17 

3CuO    1200        53-72 

4HO 36-0        1611 


CaCl,3CuO  +  4Aq 223*4         100*00 


Or: 

4CuO    160-0 

HCl  36-4 

3HO 270 


4CuO,HCl  +  3HO  2234 


Or: 

4CoO  1600  ....  71-7 

Cl-0 27-4  ....  12-1 

4HO    36-0  ....  16-2 


J.  Davy. 

native. 

....       71-62        

730 

...       16-29         

16-2 

....       1209        

10-8 

....     10000        

100-0 

BerzeUoB.     Klaproth. 

Proust. 

artificiai,        native. 

native. 

71-62    ....     73-0    .... 

70-5     to     76-59 

12-27     ....     101     .... 

11-4     „     10-64 

1611     ....     16-9    .... 

181     „     12-77 

223-4     ....  1000       10000    ....  1000     ....  1000     „   100-00 

A|nre  from  Cobija  differing  from  the  preceding  by  containing  a  larger 
pra^rtion  of  water,  has  been  examined  by  Berthier.  (Ann.  Mines, 
3rd  ser.  7,  542.) 

Berthier. 

Cu  320       ....       13-26         13-33 

CI    35-4       ....       14-66         14-92 

3CuO 120-0      ....       49-71         50-00 

OHO  54-0      ....      22-37        21*75 

CuCl,  3CuO  +  6Aq 2414       ....     10000        ZZ       100-00 
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e,  CnCi,  4C11O. — ^BemaiiiB  in  the  hydmted  stota,  and  in  the  fonn  of  a 
green  powder,  when  NH*,€nCl  is  treated  wiUi  water.  Whmi  heated,  it 
gives  off  ite  water,  and  beeomes  ehoooUte-brown,  and  if  afterwards 
exposed  to  the  air,  regains  a  portion  of  the  w»tfl^  which  it  has  lost 
(Kane.) 

AMhydnmt,  Hydrattd.  Kane. 

5Cu 160-0    ..^     70'36  5Ca 160-0    ^..  56-86  ....    56*31 

CI   35-4     ....     15-57  CI    35-4     ....  12-58  .... 

40      32-0    ....     14-07  40  32-0     ....  11-37  .... 

6HO   54-0     ....  19-19  ....     19*32 

C«C1,4C«0        227*4    ....  100*00  <f6Aq 281-4  10000 

F«  Hypochloritb  of  Cupric  Oxidb,  or  Cupuo  Htpochlorite. — 
This  salt  cannot  be  obtained  bj  precipitating  blue  vitriol  with  hjpo- 
chlorite  of  lime,  inasmuch  as  a  reaction  is  thereby  produced  similu  to 
that  with  zinc  (p.  31).  — It  is  formed  by  dissolving  cupric  oxide  in 
aqueous  hypochlorous  acid.  The  solution,  when  duBtilled«  gives  off  hypo- 
chlorous  acid  and  probably  also  free  oxygen,  and  leaves  a  fine  green  oxy- 
chloride,  which,  when  treated  with  excess  of  cupric  oxide,  gives  off  oxygen 
and  chlorine,  and  is  converted  into  an  insoluble  oxychloride.  (Balard.) — 
Cupric  oxide  dissolves  readily  in  chlorine  water  (Chenevix);  the  satorated 
solution  contains  an  equal  number  of  atoms  of  cupric  oxide  and  chlorine 
[CuCl+CuO,C101,  and  decolorizes  indigo  after  half  an  hour's  boiling; 
when  distilled,  it  leaves  hypochlorous  acid.  (Balard.) 

G.  Chlobatb  of  Cupric  Oxide,  or  Cupric  Chlorate. — Aqueous 
chloric  acid  readily  dissolves  cupric  oxide,  forming  a  greenish-blue 
solution,  which  yields  green  crystals  having  a  slightly  acid  reaction; 
they  produce  a  green  flame  when  thrown  on  Rowing  coals,  and  deliquesce 
in  the  air.  (Vauquelin.) — ^  According  to  Wachter  {Ann,  Pharm, 
52,  233),  chlorate  of  cupric  oxide  is  composed  of  CuO,  CIO' +6  Aq.,  and 
crystallizes  in  octohedrons,  which  are  deliquescent  and  soluble  in  aJcohol. 
At  100"^  it  is  decomposed,  giving  off  a  few  gas-bubbles,  and  leaving  a  green 
substance  which  suffers  further  decomposition  at  260^,  and  is  insoluble  in 
water,  but  soluble  in  acids.  This  substance  appears  to  be  a  basic  chlo- 
rate, inasmuch  as  its  solution  in  nitric  acid  gives  no  precipitate  with  a 
silver-salt  IT. 

H.  Perchlorate  of  Cupric  Oxide,  or  Cupric  Perchlorate. — 
The  solution  of  cupric  oxide  in  aqueous  perchloric  acid,  evaporated  in  the 
hot-air  chamber,  yields  large,  blue,  deliquescent  crystals  which  redden 
litmus.  Paper  satorated  with  the  solution  and  then  dried,  deflagrates 
when  thrown  on  red-hot  coals,  producing  vivid  sparkling,  a  blue  light, 
and  a  green  flame.  Soluble  in  alcohol.  (Serullas,  Ann.  Ckim,  Phys- 
46,  306.)  *i.>^:. 

Copper  and  Fluorine.  ^P*' 

A.  Difluoride  of  Copper,  or  Cuprous  Fluoride.  —  Hydrated 
cuprous  oxide  treated  with  excess  of  aqueous  hydrofluoric  acid,  is  imme- 
diately converted  into  red  cuprous  fluoride,  which  must  be  collected  on  a 
filter,  quickly  washed  with  alcohol,  and  then  pressed  and  dried. — Red; 
fusee  when  heated,  appearing  black  while  in  the  liquid  state,  but  resuming 
its  scarlet  colour  on  cooling. — In  the  dry  state,. it  is  x>ennanent  in  the  air, 
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bat  when  moist,  it  is  conyerted  first  into  a  yellow  mixtare  of  oaprio 
fluoride  and  hjdrated  cnfMront  oxide: 

2Ctt»F  +  O  =  2CuF  +  Cn'O, 

and  afterwards  into  green  eaprio  oxjilttoride: 

2C»P + CtfO  +  0  =  2(CuF  +  CiiO). 

Insolable  botb  in  water  and  in  excess  of  hydrofluoric  acid,  but  soluble  in 
strong  hydrochloric  acid.  In  the  latter  it  forms  a  bkick  solution,  from 
which  it  is  precipitated  by  water  in  the  form  of  a  powder,  which  is  white 
at  first  but  afterwards  becomes  rose-coloured.  (Berzelins,  Pogg,  1>  28.) 

B.  Protofluortdb  of  Copper,  and  Monobasic  Htdrofluate  op 
OupRic  Oxide. — Formed  by  dissolving  cupric  oxide  or  its  carbonate  in 
excess  of  aqueous  hydrofluoric  acid  (metallic  copper  is  not  sensibly  dis- 
solred  by  the  acid)  and  evaporating  the  resulting  blue  solution.  As  the 
excess  of  acid  goes  off*,  small,  light  blue  crystals  separate  from  the  liquid. 
(Scheele;  Gay-Lussac  &  Th^nard;  Berzelius.)  If  the  quantity  of  cupric 
carbonate  is  sufficient  to  neutralize  the  greater  part  of  the  acid,  the 
compound  separates  out  during  the  digestion;  with  a  still  larger  quantity 
of  carbonate,  the  basic  compound  C  is  formed.  (Berzelius.)  The  crystals, 
which  are  but  sparinfi^ly  soluble  in  cold  water,  are  decomposed  by  hot 
water,  yielding  an  acid  solution  and  the  insoluble  basic  compound  G.  The 
crystals  heated  with  oil  of  vitriol,  yield  116  per  cent,  of  cupric  sulphate, 
and,  when  ignited  with  excess  of  lead-oxide,  give  off  26*3  per  cent,  of 
water.  (Berzelius.^ — Protofluoride  of  copper  combines  with  the  fluorides 
of  the  alkali-metais,  forming  black  compounds.  (Berzelius;  eomp.  Unver* 
dorben,  N.  ^.  9,  1,  34.) 

Cryttallixed,  Berzelius. 

Cn 32'0      ....      46-58 

F  18-7      ....      27-22 

2HO 180      ....      26*20        26'3 

CaF,2H0 687      ....     10000 

Ore  Benelns* 

CnO 400  ....  68-23        ........         58 

HF    197  ....  28-67 

HO    90  ....  1310 

CttO,HF  +  Aq 687      ....     10000 

C.  Hydrated  Cuprio  Oxtfluoride,  or  Bibabic  Hydrofluate  of 
CnPRic  Oxide. — 1.  Formed  by  digesting  aqueous  hydrofluoric  acid  with 
excess  of  cupric  carbonate. — 2.  By  decomposing  B  with  boiling  water.—- 
Pale  green  powder  insoluble  in  water.  (Berzelius.) 

Berzeliiis.  Or : 

CuF ft07     ....    60-85    ....  2CnO 80-0    ....    80-24 

CuO 40-0    ....    40-12    ....  HF 10-7    ....     19-76 

HO 9-0    ....      9-03    ....    9-3 

CiiF,CuO-l-Aq 99-7     ....  lOO'OO  99-7     ....  100-00 

D.  BoROFLUORiDB  OF  OoppsR.  —  GnF,BF'.  —  By  precipitating  the 
baryta-salt  with  blue  vitriol.  The  filtrate,  when  evaporated  to  the  con- 
sistenoe  of  a  syrup,  solidifies  on  cooling,  and  forms  a  blue  mass  of  needles 
whieh  quiekly  become  moist  on  expoiraro  to  (b^  w*  (Benelios.) 
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Copper  and  NiTBOosif. 


A.  Nitride  op  Copper. — a.  With  very  great  excess  of  Capper. — 
Copper  wire  ignited  in  a  porcelain  tube  through  which  a  stream  of  ammo- 
niacal  gas  is  passed,  neither  increases  nor  diminishes  in  weight,  but 
becomes  very  brittle  and  yellow  or  yellowish- white.  (Thenard.)  It 
increases  from  -^^  to  ^y  in  absolute  weight,  and  its  density  decreases  in 
the  former  case  to  8*866,  in  the  latter  to  7'792.  When  the  brittle  copper 
thus  obtained  is  fused  in  a  retort,  it  ^ives  off  no  gas,  but  a  yellowish- 
brown  substance  makes  its  appearance  between  it  and  the  retort.  (Sarart, 
Ann.  Chim.  Phys.  37,  326.) — The  specific  gravity  of  the  copper  sinks  to 
5 '5;  and  the  metal  becomes  more  laminar  and  more  porous,  acquires  a 
crystalline  aspect,  and  assumes  yarious  tints  of  grey,  yellow,  greenish, 
orange,  rose-red  or  purple-red.  Nerertheless  it  contains  but  little  foreign 
matter;  but  it  probably  takes  up,  during  the  process,  a  large  quantity  of 
nitrogen,  which  it  afterwards  gives  off,  so  that  the  particles  of  the  copper 
are  left  with  considerable  intervals  between  them.  (Despretz,  Ann,  Chim. 
Phys.  42,  122.) — When  dry  ammoniacal  gas  is  passed  over  red-hot  copper 
wire,  and  then  through  water  to  absorb  that  which  remains  undecomposed, 
the  remaining  gaseous  mixture  is  found  to  contain  in  100  parts,  not 
75  vol.  hydrogen  and  25  vol.  nitrogen,  as  should  be  produced  by  the 
decomposition  of  ammoniacal  £as,  but  86  vol.  hydrogen  to  14  voL 
nitrogen;  consequently  part  of  the  nitrogen  must  have  b^n  taken  up  by 
the  copper.  (Pfaff,  Pogg.  42, 164.)— When  dry  ammoniacal  gas  is  passed 
over  finely  divided  copper  ^reduced  from  the  protoxide  by  h^droffen  at 
the  lowest  temperature  possible)  heated  just  to  the  point  at  which  decom- 
position takes  place,  the  resulting  gaseous  mixture  contains  14*1  pts. 
nitrogen  to  3  pts.  hydrogen  (no  deficiency  of  nitroeen,  therefore,  but 
rather  an  excess,  amounting  to  0*1  pt.  and  probably  arising  from  admixed 
air).  Copper  fused  in  ammoniacal  gas  retains  its  properties  even  for  a 
considerable  time.  (Schrotter,  Ann.  Pharm.  37,  131;  comp.  Kastner, 
£astn.  Arch.  12,  455.) 

6.  Somewhat  richer  in  Nitrogen  f — By  a  process  similar  to  that  adopted 
in  the  preparation  of  nitride  of  zinc  (p.  33),  the  sal-ammoniac  being  kept 
constantly  in  excess  to  prevent  the  deposition  of  metallic  copper — a  blue 
colour  is  produced  in  the  liquid,  and  nitride  of  copper  collects  at  the 
negative  pole  in  the  form  of  a  chocolate-coloured  aggregation,  which,  when 
washed  and  dried,  exhibits  a  density  of  5*9.  Ten  grains  of  this  substance 
give  off  0  214  cub.  in.  nitrogen  gas  when  heated,  and  leave  a  residue  of 
red  metallic  copper.  (Grove,  PhU.  Mag.  J.  19,  100;  also  Pogg.  54,  101.) 

c.  Cu^N. — When  protoxide  of  copper  (obtained  by  precipitating  blue 
vitriol  at  a  boiling  heat  with  caustic  potash)  is  heated  to  250^  in  a  glass 
tube  immersed  in  a  bath  of  linseed  oil,  and  subjected  to  the  action  of  dry 
ammoniacal  gas,  it  is  converted  into  a  green  powder,  with  rise  of  tem- 
perature, evolution  of  nitrogen  eas,  and  formation  of  water.  At  too  high 
a  temperature,  metallic  copper  is  obtained  instead  of  the  green  powder. 
Cupric  oxide  obtained  by  igniting  the  nitrate,  requires  a  high  temperature 
to  convert  it  into  nitride,  and  the  product  is  mixed  with  a  considerable 
quantity  of  undecomposed  oxide.  If  the  hydrate  or  carbonate  of  cupric 
oxide  be  used,  the  heat  at  first  must  not  exceed  130°,  but  when  the 
formation  of  water  ceases,  it  may  be  raised  to  the  boiling  point  of  linseed 
oil  If  the  temperature  be  raised  at  once  to  250^,  the  heat  developed  W 
the  action  of  the  ammonia  increases  it  to  such  a  pointy  that  the  nitriJe 
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and  protoxide  of  copper  are  converted  into  a  mixtare  of  metallic  copper 
and  dioxide,  with  evolution  of  water,  nitrogen  gas,  and  nitric  oxide. — 
The  stream  of  gas  having  been  kept  up  for  8  hours,  and  no  more  water 
being  formed,  the  green  powder  is  shaken  up,  again  treated  with  ammo- 
niacal  gas  for  three  hours,  then  again  shaken  up,  once  more  exposed  to 
ammoniacal  gas,  having  meanwhile  been  triturated  in  a  mortar,  &c.  To 
produce  20  grammes  of  nitride  of  copper,  the  passage  of  the  gas  must  be 
continued  for  120  hours.  (Schrotter.) — To  free  the  resulting  green 
powder  from  adhering  cuprous  oxide,  it  must  be  repeatedly  digested  with 
a  mixture  of  caustic  ammonia  and  carbonate  of  ammonia,  and  afterwards 
washed  and  dried;  the  colour  of  the  powder  then  changes  from  olive- 
green  to  dark  grey.  (Berzelius,  Jahresher,  21,  88.) 

Soft,  greenish-black  powder  (Schrotter);  dark  grey  (Berzelius). 

Schrotter. 


a,  b,  c,  d, 

6Cu 192    ....     93-2      ....     90965      ....      90*965  ....  83'433     ....    92*76 

N    14     ....       6-8       ....       7041       ....         6-516  ....  6*516     ....       7*24 

H    ....                 ....      0111     NH»      0-636  ....  0*636 

CuO  9*415 

Cu«N  ....     206     ....  100*0      ....     98*117      ....      98117      ....     100*000    ....  10000 

a  is  the  mean  of  several  analyses;  the  deficiency  must  be  regarded  as 
oxygen  which  remained  with  the  nitride  of  copper  in  the  form  of  cupric 
oxide.  The  hydrogen  was  probably  in  the  state  of  ammonia,  which 
seems  to  adhere  to  the  compound  very  tenaciously;  for,  when  the  nitride 
of  copper  is  exposed  to  a  temperature  near  its  decomposing  point,  and 
carbonic  acid  gas  afterwards  passed  over  it,  ammonia  is  still  evolved  from 
it.  —  h  is  therefore  the  analysis  a  with  the  hydrogen  estimated  as 
ammonia.  (Schrotter.)  If  the  deficiency  (=1*883)  be  regarded  as 
oxygen  and  estimated  as  protoxide  of  copper,  we  get  the  calculation  c; 
and  finally,  if  the  ammonia  and  cupric  oxide  be  disregarded  as  unessential, 
the  remamder  gives  the  per-centage  composition  of  pure  nitride  of  copper 
as  in  d.  (Gm.) 

The  formation  of  the  nitride  of  copper  takes  place  as  shown  in  the 
following  equation:— 

6CoO  +  2NH»  ==  Cu«N  +  6HO  f  N. 

Hence,  240  pts.  (6  At.)  of  cupric  oxide  should  yield  206  pts.  (1  At.) 
nitride  of  copper,  54  pts.  (6  At.)  water,  and  14  pts.  (1  At.)  nitrogen. 
According  to  the  mean  of  three  experiments,  240  parts  of  cupric  oxide 
yield  216*65  nitride  of  copper,  37*08  water,  and  12*04  nitrogen  gas. 
The  difierence  between  these  and  the  theoretical  numbers  arises  perhaps 
from  part  of  the  cupric  oxide  remaining  undecomposed.  (Schr5tter.) 

Nitride  of  copper  heated  in  the  air  to  about  300°,  is  resolved  into 
nitrogen  gas  and  metallic  copper,  the  decomposition  being  attended  with 
a  bright  red  glow.  In  oxygen  gas,  the  decomposition  takes  place  at  a 
lower  temperature;  in  carbonic  acid  or  nitrogen  gas,  a  temperature  above 
300°  is  necessary.  If  the  nitride  of  copper  is  contaminated  with  cupric 
oxide,  the  nitrogen  evolved  is  mixed  with  nitric  oxide.  Percussion  or 
friction  does  not  produce  decomposition.  (Schrotter.)  The  nitride 
purified  by  ammonia,  decomposes  at  a  lower  temperature  and  with  slight 
explosion,  whereby  the  greater  part  of  the  substance  is  projected  out  of 
the  tube.  (Berzelius.) — Nitride  of  copper  becomes  heated  in  chlorine  gas. 
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wiih  formaiion  of  piotoofaloride  of  oo|^»er  and  eyolatioii  of  nltfogen,  and 
in  hjdrocblorio  acid  gM,  with  formation  of  protocUoride  of  coppw  and 
aal-ammoniac.  [The  hydioebloric  acid  gas  may  perhaps  form  dichloride  of 
copper:  Cu»N  +  4HC1=3CuH:1  +  NH*C1.]  Nitric  acid  oxidises  nitride 
of  copper  with  mat  violence;  sulphario  acid  rapidly  liberates  nitro^n 
gas  from  it,  while  metallic  copper  remains  behind.  Other  non-oxidiBiDg 
acids  act  in  the  same  manner,  but  more  slowly  in  proportion  as  l^ey  are 
more  dilate.  (Schrdtter,  Ann.  Fharm.  37,  136.)  Dilate  acids  lil^iate 
ammonia  and  form  caproos  salts.  (Benelius.) 

B.  NmtiTB  OF  CuPRic  OxiDB,  or  Citpbto  Nitritb. — By  precipi- 
tating nitrite  of  lead-oxide  with  blue  ritriol,  and  filtering,  a  green  liquid 
is  obtained,  which  oxidiies  when  exposed  to  the  air,  especially  if  it  be 
heated,  and  is  converted  into  cuprio  nitrate.  (Berzelius.) 


C.  NiTRATB  OF  CtrPBic  OxiDE,*  or  CupRiG  NiTRATB.-'-a.  Terbcuic. — 
Formed  by  heatiug  6  to  a  certain  temperature  and  removing  the  nnde- 
composed  portion  oy  water.  (Proust.) — 2.  By  decomposing  the  aqueous 
solution  of  6  with  a  spall  quantity  of  alkali,  or  of  hydrated  cupric  oxide 
or  cupric  carbonate,  oj^  by  boiliuff  it  with  metallic  copper. — Green 
powder.  Reduced  to  black  oxide  by  heat.  In  contact  with  red-hot 
charcoal,  it  gives  off  nitrous  fumes;  oil  of  vitriol  poured  upon  it  liberates 
nitric  acid.  When  boiled  with  potash,  it  leaves  black  oxide  of  copper. 
(Proust.)  Sustains  the  heat  of  melting  lead  almost  without  decomposition; 
at  a  higher  temperature,  it  gives  off  nitric  acid,  hyponitric  acid,  oxygen 
gas,  and  water.  The  water  may  be  expelled  without  decomposing  the 
salt.  (Graham,  Ann,  Pharm.  29,  13.) — Insoluble  in  water,  busily  soluble 

in  acids. 

Caictdation,  according  to  Graham.  Berselina.  Pmoast. 

3CaO 120      ....      65-57        660  ....        67 

NO*   54       ....       29-51         18-9  ....         16 

HO    9      ....        4-92        15'1  ....        17 

3CuO,NO»  +  Aq 183       ....     10000        1000        Z       100 

IT  According  to  Gladstone  {Chem.  Soc,  Mem,  S,  480),  the  composition  of 
this  salt  is  4CuO,  N0'+3Aq.  The  same  formula  is  assigned  to  It  by 
Gerhardt.  Kuhn  (Ar<^.  Pharm,  2nd  ser.  50,  283)  has  obtained  the  same 
result  with  the  salt  produced  by  partial  precipitation  of  the  neutral  salt 
with  ammonia.  IT 

(.  Monobasic. — Formed  by  dissolving  metallic  copper,  cupric  oxide,  or 
its  hydrate  or  carbonate,  in  nitric  acid.  The  salt  cannot  exist  with  less 
than  3  atoms  of  water.  Hence,  on  treating  cuprio  oxide  with  the  strong- 
est nitric  acid,  and  pouring  off  the  excess,  there  remains  a  green  powder 
chiefly  consisting  of  terbasic  salt,  and  therefore  insoluble  in  water.  But 
if  the  specific  gravity  of  the  aeid  does  not  exoeed  1*42,  nothing  but  the 
normal  salt  is  proanced. — The  blue  solution  deposits  the  salt  in  blue 
crystals,  which  have  a  caustic  metallio  taste,  and  cauterize  the  skin. 
When  formed  at  a  moderately  high  temperature,  they  are  prismatic  and 
contain  3  atoms  of  water;  but  if  produced  at  very  low  temperatures,  they 
are  tubular,  and  contain  6  atoms  of  water.  The  latter  effloresce  in 
vacuo  over  oil  of  vitriol,  giving  off  half  their  water.  (Graham,  Ann. 
Fharm.  29,  13.)  The  tabular  crystals  fuse  at  38°,  giving  off  water 
and  acid,  and  passing  first  into  salt  a,  and  afterwards  into  black 
oxide,  the  latter  amounting  to  27  per  cent.  (Proust.)     A  temperature 
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oi  65^  10  snfficieni  to  oonrert  tlie  monobasic  into  the  terbasio  salt^ 
(Graham.) 

3(CiiO,  N0>  +  3Aq.)  »  3CaO,  NO*  4-  Aq.  -^  2(N0»,  4 Aq.) 

The  crystals  detonate  slightly  on  red-hot  coals,  more  strongly  with  phos- 
phorus under  the  hammer.  (Brugnatelli.)  When  the  powder  of  these 
crystals  is  wrapped  up  in  tinfoil,  it  fuses  and  is  decomposed,  with  a  rise 
of  temperature  sometimes  sufficient  to  cause  emission  of  sparks.  (Higgins, 
CreU.  Chem,  J!.  1, 171.)  Paper  saturated  with  the  solution  and  dried,  takes 
fire  much  below  a  rea  heat.  When  the  solution  of  this  salt  is  mixed 
with  nitrate  of  ammonia  and  evaporated,  decomposition  takes  place  at  a 
certain  degree  of  concentration,  attended  with  violent  detonation.-* 
Dissolves  readily  in  water,  and  deliquesces  in  the  air;  likewise  soluble  in 
moderately  strong  nitric  acid;  but,  according  to  Mitscherlich  (Fogg» 
18,  159),  it  is  precipitated  from  its  concentrated  aaueoas  solution  iu  the 
form  of  a  crystalline  powder,  by  nitric  acid  of  specinc  gravity  1*522. 

Cdhulatiim,  according  to  Graham. 
Ter-hydraled,  Sex-hydrated.  Proust. 

CuO  40    ....    3306  CuO   40    ....    2702      ,^      27 

NO»  54     ....     44-63  NO»    54     ....    3l^-49 

3HO 27     ....     22-31  6HO  54     ....     36-49 

CuO,NO*  +  3Aq.    121     ....  lOO'OO  +  6Aq 148     ....  lOO'OO  . 

D.  CvpRotrs  Oxide  wrfn  Ammonia. — Formed  by  inclosing  in  a 
stoppered  vessel  (1)  copper-filings  with  aqueous  ammonia  and  atmos-- 
pheric  air;  (2)  copper-filings  with  the  compound  of  cupric  oxide  and 
ammonia;  (3)  cuprous  oxide  or  hydrated  cupric  oxide  with  aqueous 
ammonia. — Colouness  liquid,  which  gradually  turns  blue  on  exposure  to 
the  air,  the  colour  proceeding  from  top  to  bottom.  (Bergmann,  Opusc^ 
3,  389;  Proust.) 

£.  CuPRio  Oxide  with  Ammonia.-— Formed  by  exposing  the  pteeed- 
ing  solution  to  the  air;  or  by  bringing  copper-filings  in  contact  with 
aqueous  ammonia  and  a  sufiicient  quantity  of  air;  or  cupric  oxide,  either 
anhydrous  or  hydrated,  with  aqueous  ammonia.  If  all  acids,  even  car* 
bonic  acid,  be  excluded,  the  ammonia,  according  to  Berzelius,  appears  to 
dissolve  scarcely  a  trace  of  the  anhydrous  oxide;  but  on  adding  a  drop  of 
the  solution  of  an  ammoniacal  saJt,  the  oxide  is  abundantly  dissolved. 
{Comp,  Wittstein,  Rtperi.  57,  32.) — Dark  azure-blue  liquid.  Phosphorus 
decolorizes  it,  by  forming  the  compound  of  cuprous  oxide  and  ammonia^ 
and  ultimately  precipitates  the  copper  in  the  metallic  state ;  zinc  and 
cobalt  likewise  precipitate  the  copper.  Iron  reduces  the  copper  imper- 
fectly; arsenic,  tin,  and  cadmium  reduce  it  sparingly,  and  lead  exhibits 
but  mere  traces  of  reduction.  (Fisdier,  Pogg.  8,  492.)  Iron  exerts  no 
action  on  the  pure  solution,  but  slowly  precipitates  metallic  copper  from 
the  solution  mixed  with  sal-ammoniac,  common  salt,  nitre,  or  sulphate  of 
potash,  nodules  composed  of  copper  and  ferrons  hydrate  forming  on  it» 
surface  at  isolated  points,  and  extending  till  the  liquid  is  decolorized.  A 
large  excess  of  ammonia  prevents  this  precipitation,  especially  if  the 
solution  be  mixed  with  nitrate  or  sulphate  of  pota^.  (Wetzlar,  S(^» 
50,  101.) — Sulphurous  acid  added  to  the  solution  of  cupric  oxide  in 
ammonia,  throws  down  nearly  all  the  copper  in  the  form  of  red-brown 
cuprous  oxide,  containing  small  portions  of  sulphurous  acid  [and  am- 
monia i].  (A.  Yogel.)   The  liquid,  when  diluted  with  a  large  quantity  ol. 
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water,  deposits  the  cnpric  oxide  in  the  form  of  hjdmte.  Potasli — of 
which  a  larger  qnantity  is  required  in  proportion  as  the  ammonia  is  in 
greater  excess — likewise  precipitates  the  cupric  oxide,  at  least  after  a 
while,  in  the  form  of  hydrate  [containing  potash  1]  the  precipitation, 
according  to  Berzelius,  bemg  complete;  on  boiling  the  liquid,  black  oxide 
of  copper  is  immediately  precipitated. 

When  ammonia,  not  in  excess,  is  added  to  cupric  salts,  the  precipitate 
usually  consists  of  a  basic  salt  free  from  ammonia;  Kane,  however,  on 
one  occasion,  by  precipitating  a  solution  of  cupric  chloride  with  ammonia, 
obtained  a  blue  precipitate*  resembling  hydrated  cupric  oxide,  which  was 
easy  to  wash,  and  did  not  lose  ammonia  during  the  washing.  This  pre- 
cipitate underwent  no  change  at  HS'';  but  at  a  somewhat  higher  tem- 
perature, it  was  decomposed  with  a  slight  hissing  noise,  yielding  nitrogen 
gas,  ammonia,  a  large  quantity  of  water,  and  a  red  mixture  of  copper  and 
cuprous  oxide.     It  was  found  to  be  free  from  chlorine. 


2NH» 34      ....      16-35        ....         15-70 

3CuO 120      ....       57-69         ....         57-19 

6HO  54      ....       25-96  

2NH*,3CaO  +  6Aq 208       ....     10000 

F.  Carbonatb  of  Cupric  Oxide  and  Ammonia. — Ouprico-^Mmmonte 
Carbcnate, — By  dissolving  copper-filincfs  (with  excess  of  air),  anhydrous 
or  hydrated  cupric  oxide,  or  cupric  carbonate,  in  aqueous  sesquioarbonate 
or  bicarbonate  of  ammonia. — 100  parts  of  bicarbonate  of  ammonia  dis- 
solved in  1440  parts  of  water,  take  up  in  the  course  of  24  hours,  2*38  parts 
of  anhydrous  cupric  oxide,  or  17*03  of  the  hydrate.  (Bischof,  Schw. 
64,  72a — The  solution  has  an  azure-blue  colour,  somewhat  paler  than 
that  of  cupric  oxide  in  caustic  ammonia.  When  heated,  it  gives  off 
carbonate  of  ammonia,  boiling  up  suddenly  and  violently,  and  depositing 
nearly  all  the  copper  in  dingy  bluish-green  crusts  which  contain  ammonia 
(Bucholz,  Beiir.  1,  92);  it  first  deposits  dingy  green  carbonate,  and  then 
brown  oxide.  (Bischof.)  The  solution,  when  slowly  evaporated,  yields 
no  crystals  but  a  green  crust.  (Bucholz.)  Potajsh  boUed  with  it,  throws 
down  black  oxide  of  copper.  (H.  Rose.) 

G.  Boride  of  Nitrogen  and  Copper  f — By  proceeding  with  boracic 
acid  and  copper  in  a  manner  similar  to  that  described  for  the  preparation 
of  boride  of  nitrogen  and  potassium  (III.  70),  a  substance  is  obtained 
which  gives  off  ammonia  when  treated  with  hydrate  of  potash.  (Balmain.) 

H.  CuPRo-HYPosuLPHATE  OF  Ammonia. — Formed  by  supersaturating 
a  somewhat  dilute  solution  of  cupric  hydrophosphate  with  ammonia  till 
the  precipitate  disappears.  This  liquid  soon  yields  azure-blue,  rectangular 
tables,  containing  2  At.  ammonia,  1  At.  cupric  oxide,  and  1  At.  acid; 
they  are  permanent  in  the  air,  and  dissolve  but  sparingly  in  water, 
especially  if  it  be  cold.  (Heeren.) 

I.  Am MONio -SULPHATE  OP  CupRic  OxiDE. — Anhydrous  cupric  sul- 
phate rapidly  absorbs  53 '97  per  cent,  of  dry  ammoniacal  gas,  with  ^^reat 
rise  of  temperature  and  tumefaction;  the  product  is  a  blue  powder.  This 
compound  fuses  at  a  moderate  red  heat,  a  large  quantity  of  ammonia 
being  given  off,  a  little  water  and  sulphite  of  ammonia  formed,  and  a 
brown  mixture  left  behind  consisting  of  cupric  sulphate  and  metalbo 
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copper.     It  dissolves  completely  in  water,  forming  an  azure-blno  solntion. 
(H.  Rose,  Pogg.  20,  150.) 

H.  Rose. 

5NH»    85       ....       34-70        35-05 


2CnO 80      ....      32-65 

2SO« 80      ....       32-65 


}       64-95 


5NH»+(2CiiO,SO»)   245       ....     10000        10000 

K.  CuPRO- SULPHATE  OP  Ammonia. — Guprum  ammoniacale,  Rup/er- 
sahniak, — Formed  bj  supersatarating  blue  vitriol,  either  pounded  or  dis- 
solved in  a  small  quantity  of  water,  with  ammonia^  till  the  precipitate  is 
completely  redissolved. — Crystallizes  on  evaporation — or  better,  on 
carefully  covering  the  solution  with  alcohol,  or  exposing  it  a  low  tem- 
perature— in  dark  azure-blue,  transparent  crystals,  having  somewhat  the 
form  of  Fig.  65,  but  very  long  and  thin.  When  the  ammoniacal  solution 
is  agitated  with  alcohol,  the  salt  is  precipitated  in  the  form  of  a  blue 
crystalline  powder. — It  must  be  quickly  dried  between  bibulous  paper, 
and  kept  in  well>closed  vessels  : 

Qyitaliixed.  Berzeliiu.  Brandes. 

2NH» 34       ....       27-64  26*40  ....  21*410 

CuO    40       ....       32-52  34  00  ....  33017 

SO» 40       ....       32-52  32-25  ....  31-753 

HO 9      ....         7-32  7-35  ....  13*358 

NH»,CuO  +  NH*0,SO»       123       ....     100-00         ~.       100-00        Z         99538 

When  exposed  to  the  air,  it  gives  off  ammonia,  first  becoming  light 
bluo  and  opaque,  and  afterwards  changing  to  a  green  powder,  which, 
according  to  Kiihn,  is  a  mixture  of  sulphate  of  ammonia  and  quadrobasio 
sulphate  of  cupric  oxide. — When  heated  for  some  time  to  a  temperature 
not  exceeding  149^,  it  gives  off  1  atom  of  ammonia  and  1  atom  of  water, 
and  is  converted  into  an  apple-green  powder,  amounting  to  98*4  p.  c.  of 
the  oridnal  salt,  and  composed  of  NH^CuO,SO*.  The  latter,  when  very 
gradually  heated  to  205°,  still  gives  off  ^  At.  ammonia,  leaving  a  residue 
of  NH',2CuO,S(P,  and  this,  when  gradually  heated  to  260^  gives  off  the 
last  half  atom  of  ammonia  and  leaves  65*1  per  cent,  of  monosulphate  of 
cupric  oxide.  Cuprosulphate  of  ammonia,  when  suddenly  heated,  gives 
off  sulphate  (sulphite:  Berzelius)  of  ammonia  as  well  as  free  ammonia, 
and  leaves  a  residue  of  cuprous  oxide,  together  with  cupric  sulphite. 
(Kane,  Ann,  Chim,  Phys,  72,  265.) — Dissolves  in  1^  pt.  cold  water. 
The  aqueous  solution,  when  exposed  to  the  air,  deposits  quadrobasic  sul- 
phate of  cupric  oxide,  which,  if  the  liquid  be  warmed  for  some  time  in 
the  air,  partly  redissolves,  with  evolution  of  ammonia,  so  that  the  liquid 
afterwards  contains  monobasic  sulphate  of  cupric  oxide  together  with 
sulphate  of  ammonia.  (Kiihn,  Schw.  60,  343.)  Quadrobasic  sulphate  of 
cupric  oxide  is  likewise  precipitated  when  the  aqueous  solution  is  largely 
diluted  with  water. — ^Zinc  quickly  precipitates  metallic  copper  from  the 
solution;  cadmium  and  lead  decompose  it  but  slowly;  arsenic  decomposes 
it  completely,  with  formation  of  cupric  arsenite;  bismuth,  antimony,  tin, 
and  iron  have  no  effect  upon  it.  (Fischer,  Fogg.  8,  492.) 

L.  BiBASic  SuLPHATR  OP  CupMic  OxiDE  AND  Ammonia. — The  rosiduo 
left  when  cuprosulphate  of  ammouia  is  gradually  heated  to  1 49^     Apple- 
green  powder.     When  exposed  to  the  air,  it  gradually  absorbs  water  and 
turns  blue;  if  moistened  with  a  small  quantity,  it  becomes  very  hot  and 
VOL.  V.  2  o 
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changes  to  blae  immediately;  if  it  be  then  dried  at  27^,  one  haadred 
parts  of  the  powder  will  be  found  to  have  absorbed  27*8  parts  (3  At.)  of 
water.  But  an  excess  of  water  decomposes  the  powder  into  sulphate  of 
ammonia,  cuprosulphate  of  ammonia^  and  a  precipitate  of  qnadrobaBie 
sulphate  of  cupric  oxide.  (Kane.) 

6(NH>,  CuO,  80^  «  3(NH«,  SO»)  +  2NH»,  CuO,  S0» + 4C«0,  S0«. 

Anhydroug.  HydraUd, 

NH» 17      ....      17-5a                 NH« 17      ....       13-70 

CuO... 40      ....      41-24                  CnO 40      ....       S2-26 

SO» 40      ....      41-24                  S0» 40      ...       a2-26 

3HO    27      ....      21-78 

NH«,  CuO,  S0>...,      97      ....     lOO'OO  +3Aq.    ....     124      ...     100-00 

M.  SBsaniBABic  Sulphate  of  Cuprio  Oxidb  and  Ammomia.— 
NH>,2CnO,2SO«,orNU>,CaO,SO'+CaO,SO'.— The  raidae  obtained  by 
gently  heating  anhydrous  cnprio  sulphate  saturated  with  ammonia 
(Graham),  or  oy  gradually  heating  the  cuprosulphate  of  ajnmftwK  to  a 
temperature  not  aboye  205^  (Kane.) 

N.  Monobasic  Sulphate  op  Cuprio  Oxide  and  Ammonia. — 
Cuprieo-ammonic  Sulphate. — Formed  by  mixing  cupric  sulphate  with 
sulphate  of  ammonia,  and  leaving  the  solution  to  crystallize.  A  mixture 
bf  the  concentrated  solutions  of  sal-ammoniac  and  blue  ritriol  in  equal 
volumes,  likewise  deposits  crjrstals  of  the  double  sulphate,  while  the 
corresponding  double  chloride  remains  in  solution.  (A.  Vogel.) — ^Light 
blue  crystals  easily  soluble  in  water  (Berzelius);  of  the  form  of  sulphate 
of  magnesia  and  ammonia.  (Mitscherlich;  comp.  Miller,  Pagg,  36,  477.) 
Sp.  gr.  1*757.  (Kopp.) — The  crystals  effloresce  in  warm  dry  air,  fuse  and 
turn  green  when  heated,  evolving  water  and  sulphate  of  ammonia.  They 
dissolve  in  1^  times  their  weight  of  boiling  water,  and  separate  out  for 
the  most  part  as  the  liquid  cools.  (A.  Vogel,  •/.  pr.  Chcm.  2,  194.) 

CrystalliMed, — Calculation,  according  to  BerseUus. 

NH« 17        8*5 

CuO 40        «0-0 

2SO» 80        40-0 

yHO 63        81-5 

NH«,  HO,  S0»  +  CuO,SO«  +  6  Aq 200        lOO'O 

0.  Ammonio-dtniodidb  op  Copper.  —  1.  One  hundred  parte  of 
cuprous  iodide  absorb  19*728  parts  of  ammonia,  the  combination  beia^ 
attended  with  evolution  of  heat ;  but  at  a  higher  temperature,  the  whole 
of  the  ammonia  is  given  off  again.  (Rammelsberg.)-^2.  Plates  of  copper 
are  inclosed  in  a  bottle,  together  with  a  cuprio  salt  strongly  supersatonted 
with  ammonia — the  liouid  frequently  shaken  till  it  loses  its  colour — and 
then  poured  into  a  bottle  containing  aqueous  iodide  of  potassium,  which 
must  be  afterwards  closed.  The  compound  of  cuprous  oxide  and  ammonia 
then  separates,  partly  in  colourless,  shining  prisms,  partly  as  a  white, 
crystalline  meal.  Neither  of  these  can  be  dried  without  decomposiiioiiy 
inasmuch  as  they  turn  green  and  give  off  ammonia  when  exposed  to  the 
air.  The  colourless  liquid  from  which  the  compound  has  separated,  tuma 
blue  in  the  air,  from  formation  of  the  ammonia-compound  of  cuprio  iodide. 
(Level,  N.  J.  Pharm.  4,  328.) 
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«NH» 

Ctt>I  

84 

190 

«••• 
•••% 

15-18 

84-82 

Rammekberg  (1.) 
16-48 
83-52 

2NH»,Cun    224        ....       10000        ....       10000 

P.  CuPRic  Iodide  with  Ammonia. — 1.  Fonned  by  saturating  warm 
aqoeoiis  ammonia  with  sulphate  or  aoetate  of  oupric  oxide,  and  adding 
thereto  a  saturated  solution  of  iodide  of  potassium  in  excess.  The  com- 
pound is  deposited,  both  at  high  and  at  low  temperatures,  in  the  form  of 
a  crystalline  meal.  The  liquid  filtered  from  this  salt  loses  its  colour  after 
standing  for  some  time,  depositing  crystals  of  the  same  compound,  and 
likewise  of  crystallized  iodide  of  potassium.  The  blue  crystalline  powder 
disaolyed  in  warm  ammonia  yields,  on  cooling,  finer  crystals,  which,  after 
the  mother-liquid  has  been  drained  from  them,  must  be  dried  between 
folds  of  paper,  and  preserved  in  a  well-stoppered  bottle.  (Berthemot, 
J.  Fliarm.  15,  445;  also  N.  Tr.  21,  2,  253). — 2.  Aqueous  ammonia  does 
not  dissolve  any  sensible  quantity  of  cuprous  iodide,  when  placed  in  con- 
tact with  it  in  a  close  vessel;  but  if  the  air  be  admitted,  the  liquid 
/spradually  assumes  a  blue  colour  from  top  to  bottom,  and  on  subsequent 
boiling,  dissolves  the  whole  of  the  cuprous  iodide,  forming  a  blue  solution. 
The  cuprous  iodide  is  decomposed  by  the  oxygen  of  the  air,  yielding 
cupric  iodide  and  cupric  oxide  :  Cu*I-|-0=CuI-|-CuO.  It  is  only  when 
the  ammonia  is  very  concentrated,  and  when  it  is  heated  before  it  has 
absorbed  from  the  air  a  quantity  of  carbonic  acid  sufiicient  to  enable  it 
to  dissolve  the  copper,  that  brown  cupric  oxide  is  deposited  from  the 
solution  on  the  application  of  heat.  As  the  blue  liquid  cools,  there  are 
first  formed  a  few  colourless  crystals  of  ammonio-diniodide  of  copper,  and 
then  the  dark  blue  crystals  of  the  aramonio-protiodide,  which  increase  on 
the  addition  of  alcohol.  (Rammelsberg,  Fogg,  48,  162.)  Dark  blue 
tetrahedrons  (Berselius);  prisms  (Rammelsberg). 

Crystallized,  Rammelaberg. 

2NH»    34      ....       16-92  16-61 

Cu    32      ....       15-92  17-27 

I    126       ....       62-68  59-50 

HO  9       ....        4-48  6-62 

2NH8,CuI  +  Aq 201       ....     lOO'OO         ZZZ       10000 

As  the  compound  had  not  been  properly  dried,  its  analysis  gave  too  large  a  qnantity 
of  water.  (Rammelsberg.)     It  may  also  be  regarded  as  NH^CuO  +  NH^HI. 

When  heated,  it  becomes  blackish,  gives  off  ammonia,  afterwards 
vapour  of  iodine,  and  leaves  a  whitish  powder  consisting  of  cuprous 
iodide.  (Berthemot.)  It  first  gives  off  ammonia  and  water,  and  assumes 
a  green  colour,  then  yields  hydriodate  of  ammonia,  and  leaves  a  residue 
which  detonates  at  a  nigher  temperature  and  fuses  into  a  brown-red  mass 
of  cuprous  iodide.  (Rammelsberg.)  Decomposes  quickly  in  the  air,  giving 
off  ammonia,  and  assuming  a  brown-black  colour  (Berthemot) ;  green, 
recording  to  Rammelsberg.  Water  decomposes  the  crystals,  separating 
green  flaJces  of  the  compound  next  to  be  described,  and  forms  a  blue 
solution,  whieh  contains  part  of  the  blue  compound  in  its  unaltered 
state.  This  solution  is  rendered  turbid  by  a  larger  addition  of  water,  and 
when  treated  with  nitric  acid,  gives  off  iodine  and  yields  a  precipitate  of 
cuprous  iodate.  (Rammelsberg.)  Cold  water  dissolves  a  small  quantity 
of  tho  compound,  forming  a  blue  liquid,  which  gradually  loses  its  ammo* 

2q2 
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niacal  odour  and  deponis  a  green  powder.  Boiling  water  immediately 
produces  the  green  powder.  Acids  added  to  the  blue  solution  throw 
down  cuprous  iodide,  while  iodine  remains  in  solution.  Cold  aloohol  or 
ether  exerts  no  action  upon  it ;  boiling  alcohol  becomes  brown  by  acting 
on  the  compound,  and  graduaUj  imparts  a  green  colour  to  the  residue. 
(Berthemot.) 

The  green  flakes,  when  heated,  give  off  much  water  and  a  llttla 
ammonia,  then  yield  a  sublimate  of  hydriodate  of  ammonia,  and  leare  a 
brown-red  residue  containing  cuprous  iodide.  (Rammelsberg.) 

Q.  CupRO-ioDATB  OF  Ammonia. — The  saturated  solution  of  cupric 
iodate  in  hot  aqueous  ammonia  yields  azure- blue  crystals  on  coohng; 
alcohol  added  to  the  mother-liquid  throws  down  an  additional  quantity 
of  the  double  salt,  in  the  form  of  a  crystalline  powder.  When  heated,  it 
gives  off  ammonia,  iodine,  oxygen  gas,  and  water.  With  water  it  forma 
a  blue  liquid,  a  light  blue  powder  being  separated,  which,  even  after  long 
washing,  still  contains  a  considerable  quantity  of  iodic  acid.  (Rammels- 
berg, Pogg,  44,  569.) 

R.  Ammonio-dibromide  of  Copper. — The  solution  of  dibromide  of 
copper  in  ammonia  yields  crystals.  (Berthemot.) 


S.  Ammonio-protobromide  of  CoppBR.»-a.  5NH',2CuBr. — Anhy- 
drous protobromide  of  copper  introduced  into  ammoniacal  gas  becomes 
heated,  swells  up,  and  crumbles  to  a  bulky  blue  powder.  This  com- 
pound, when  heated,  gives  off  ammonia  and  a  small  quantity  of  hjdro- 
bromate  of  ammonia,  and  leaves  a  mixture  of  protobromide  and  protoxide 
of  copper.  It  dissolves  completely  in  a  small  quantity  of  water,  forming 
a  deep  blue  solution  ;  but  this  liquid,  when  diluted,  becomes  turbid  and 
deposits  hydrated  cupric  oxide,  which  turns  black  when  the  liquid  is 
heated.  (Rammelsberg.) 

h.  3NH',2CuBr. — Alcohol  added  to  a  concentrated  solution  of  cuprio 
bromide  supersaturated  with  ammonia,  throws  down  dark  ffreen  crystals. 
These  crystals,  when  treated  with  water  or  when  heate^  behave  like 
the  compound  a.  (Rammelsberg,  Pogg.  55,  246.) 


6NH* 

850      ... 
220*8      ... 

27-79 

72-21 

Rammelsberg. 
28-96 

2CaBr 

71-02 

5NHS,2CaBr 

305-8       ... 

51-0      ..., 
220-8       .... 

10000 

....        10  7/ 
....       81-23 

100*00 

8NH» 

Rammekbeig. 
19-98 

2CuBr 

C«   23*55 

3NHS,2CaBr 

271-8      ... 

100-00 

T.  CupRO-BROMATE  OF  Ammonia. — Precipitated  in  the  form  of  dark 
blue  needles  and  a  crystalline  powder,  on  the  addition  of  alcohol  to  » 
solution  of  cupric  bromate  in  aqueous  ammonia.  When  heated,  it  is 
decomposed,  with  a  fiery  explosion,  yielding  nitrogen  gas,  bromine, 
ammonia,  and  water,  whereby  the  greater  part  of  the  oxide  and  bromide 
of  copper  is  mechanically  carried  off.  Turns  green  when  exposed  to  the 
air.  Dissolves  completely  in  a  small  quantity  of  water,  forming  a  blue 
liquid;  and  on  adding  a  larger  qimntity  of  water,  a  bluish-green  substance 
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is  precipitated,  which,  after  a  little  washing,  exhibits  the  characters  of 

Sure  hjdrated  oopric  oxide;  ammonia  and  bromate  of  ammonia  remain 
issolved  in  the  water.  (Rammelsberg,  52,  92.) 

CfryHaUwed.  Rammelsberg. 

2NH» 340      ....      17-67  16-66    to     1735 

CaO  400       ....       20-79  2284     „      2207 

BrO» 118-4      ....       61-54  


NH»,CuO  +  NH»,BrO»    ....     1924      ....     100-00 


U.  Ammonio-dichlortde  of  Copper, — Dichloride  of  copper  forms  a 
ooloorless  solution  with  aqueous  ammonia.  Protosulphide  of  phosphorus 
forms  therewith  a  red-brown  precipitate  (Berzelius),  and  potash  throws 
down  from  it  the  hjdrated  dioxide,  provided  the  ammonia  is  not  in  too 
great  excess.  (H.  Rose.) 

V.  Dichloride  of  Copper  and  Ammonium. — Cuproso-ammonic 
Chloride, — The  solution  of  cuprous  chloride  in  strong  hydrochloric  acid, 
mixed  with  small  quantities  of  ammonia,  deposits  transparent  crystals, 
which  appear  to  be  cubes.  (Gm.) — 2.  By  the  electrolytic  method  (I,  400, 
401),  the  compound  is  obtained,  sometimes  in  octonedrons,  which  are 
transparent  and  colourless  at  first  but  afterwards  assume  an  amethyst- 
jed  tint — sometimes  in  six-sided  prisms — sometimes  in  crystals  of  a  dif- 
ferent form,  which  are  first  colourless  and  afterwards  yellow,  and  from 
which  water  extracts  the  sal-ammoniac.  A  similar  compound  Lb  likewise 
formed  when  a  solution  of  sal-ammoniac  in  which  copper  is  immersed,  is 
exposed  to  the  air.  (Becquerel.) 


W.  Ammonio-protochloride  of  Copper. — a.  With  3  At,  Ammonia, 
dNH',CuCl. — Protocbloride  of  copper  rapidly  absorbs  ammoniacal  gas 
and  swells  up  to  a  blue  powder.  (Faraday.)  The  absorption  is  yery 
rapid  at  first,  then  becomes  continuaUy  slower,  and  tbe  whole  quantity 
of  ammonia  absorbed  amounts  to  73*7  per  cent.  (H.  Rose,  Fogg,  20,  155.) 
The  compound  fuses  when  heated,  ana  giyes  ofi*  its  ammonia.  (Faraday.) 
On  the  application  of  heat,  it  first  turns  green  and  giyes  off  ammonia,  and 
then  fuses,  yielding  a  sublimate  of  sal-ammoniac  and  a  residue  of  dichlo- 
ride of  copper.  (H.  Rose.)  At  149"^,  it  giyes  off  only  2  At.  ammonia,  so 
that  the  residue  consists  of  NH',CuCl.  (Kane.)  The  compound,  when 
exposed  to  the  air,  turns  green  and  gives  off  ammonia.  (H.  Rose.)  It 
dissolyes    completely    in   water,    forming   »    blue  solution.    (Faraday, 

H.  Rose.) 

H.  Rose. 

3NH>    610       ....       43-07         4243 

CuCl 67-4       ....       5693        5757 

3NH»,CuCl 118-4       ....     10000        ZZ       100  00 

Cadmium  immersed  in  the  blue  solution  of  cupric  chloride  in  excess  of 
aqueous  ammonia,  reduces  the  copper  completely,  but  throws  down  at 
the  same  time  a  small  quantity  of  basic  salt ;  iron  reduces  only  a  part  of 
the  copper ;  lead,  a  little ;  antimony,  bismuth,  and  tin,  none.  (Fischer.) 
Protosulphide  of  phosphorus  added  to  the  solution  throws  down  a  black- 
brown  precipitate.  (Berzelins.) 

6.  With  2  At,  ilmmonta.— 2NH»,Cua-l-  HO,  or  NH»,Cu04-NH',HCI. 
When  ammoniacal  gas  is  passed  through  a  hot  saturated  solution  of  cupric 
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cfaloride  in  water,  till  the  precipitate  whicb  forms  at  first  is  oompletelj 
dissolyed,  daring  which  process  the  liquid  is  kept  almost  hoiling  bj  the 
heat  developed  by  the  absorption  of  the  gas^  th^  resulting  solation 
yields,  on  cooling,  small,  dark  olne  octohedrons,  and  'square  prisms  with 
four-sided  summits.  These  crystals  must  be  quickly  dried  between  bibu- 
lous paper  at  the  ordinary  temperature  of  the  air,  and  in  a  place  where 
they  will  not  be  exposed  to  acid  fumes;  but  even  when  that  precaution  is 
taken,  they  are  very  apt  to  turn  green  on  the  surface  from  loss  of 
ammonia.  At  a  temperature  not  above  149*^,  they  give  off  all  their 
water  and  half  their  ammonia,  leaving  76*3  per  cent,  of  the  following 
compound,  NH',CuG],  which  undergoes  further  decomposition  at  a  higher 
temperature.  (Kane,  Ann,  Chim,  Pky9.  72,  273.) 


CryMtallized. 

Kane. 

2NH» 

S4-0      ....      30-80 

..«•            Ao'oo 

Cu  

32-0      ....      28*98 

2873 

CI    

35-4       ....      3206 

3219 

HO 

9-0      ....        8*16 

2NH»,CuCl  +  Aq.        110-4       ....     lOO'OO 

e.  With  1  At,  ilmmonux.— NH'jCuCl. — 1.  The  residue  left  on  heating 
a  or  5  to  149°.  (Kane.) — 2.  Formed  by  saturating  chloride  of  copper  at  a 
hieh  temperature  with  ammoniacal  gas.  (Graham.)  Green  powder. 
When  heated  somewhat  strongly,  it  gives  off  nitrogen,  ammonia,  and  sal- 
ammoniac,  and  leaves  dichloride  of  copper  : 

6(NH«,CuCl)  «  3Cu2Cl  +  3(NH»,HCl)  +  2NH»  +  N. 

It  is  decomposed  by  water,  yielding  sal-ammoniac  and  the  componnd  5, 
which  dissolve,  together  with  a  bluish-green  residue  of  cupric  oxy chloride. 
CuCl,4CuO  (p.  442).     (Kane.) 

6(NH>»CiiCl)  +  4HO  »  4(NH>,HCl)-l-2NHS,CttCUCiLCl»4CaO. 

NH» 17-0        2014 

CuCl 67-4        79-86 


NH»,CuCl  84-4        10000 

The  anhydrous  compound,  CuCl,2CuO  absorbs  from  10*4  to  1 1*1  percent, 
of  ammoni 
is  thereby 


of  ammonia,  becoming  slightly  heated,  but  retaining  its  brown  colour  :  it 
'  converted  into  NH^+CuCl,2CuO.  (Kane.) 


X.  pROTocHLORiDE  OF  CoppER  AND  Ammonium.  —  Cupruxhammonic 
Chloride,  a.  NH*Cl,CuCl+  2Aq. — 1.  Formed  by  mixing  the  concentrated 
aqueous  solutions  of  equal  equivfuents  of  sal-ammoniac  and  protochloride  of 
copper,  and  cooling  the  mixture  to  the  crystallizing  point.  53*4  parts  of 
sal-ammoniac  and  67 '4  pts.  anhydrous  chloride  of  copper,  or  85 '4  pts.  of  the 
crystallized  chloride,  is  the  proportion  required.  (Mitscherlich,  J.  pr.  Chcm. 
19,  449;  Graham,  Ann,  Phartn.  29, 32.)— 2.  Concentrated  solutions  of  blue 
vitriol  and  sal-ammoniac,  mixed  in  equal  volumes  and  then  evaporated  and 
cooled,  first  yield  crystals  of  the  double  sulphate  and  afterwards  of  the 
double  chloride.  (A.  Vogel,  J.  pr,  Chem.  2,  194.)— 5.  Aqueous  proto- 
chlorido  of  copper  is  supersaturated  with  ammonia,  and  the  filtered  liquid 
concentrated  by  evaporation  and  slowly  cooled  to  the  crystallizing  point* 
(Cap  &  0.  Henry,  /.  Pharm,  23,  617j  also  J,  pr.  Chem,  13, 184.)  The 
solution  acquires  a  bluish-green  colour  during  the  evaporatioUi  and  ~ 
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bluish  flakes.  (Kane.)  As  the  exoess  of  ammoiiia  is  driven  off  bjr  evapo- 
ration,  protochloride  of  oopper  and  ammoniam,  together  with  the  ammonia- 
compound  of  oupric  oxide,  appears  to  form  in  the  solution;  and  the  latter 
seems  to  be,  for  the  most  part,  decomposed  by  the  heat  into  ammonia 
which  escapes,  and  a  basic  salt  which  is  precipitated  : 

2CuCl  +  2NH»  +  HO  =  (NH',HCl,CuCl)  +  NH»,CaO. 

Gnpric  oxide,  either  anhydrous  or  anhjdrated,  and  likewise  the  carbonate' 
dissolve  with  facility  in  aqueous  sal-ammoniac,  forming  a  blue  solution 
(Brett),  which  gives  off  ammonia  on  boiling  (L.  Thompson);  in  this  case 
also  the  same  compound  is  probably  formed. 

Square-based  octohedrons.  (Mitscherlich.)  Blue  or  sometimes  greenish- 
blue  octohedrons,  which  yield  a  light  blue  powder,  and  have  a  disagree- 
able coppery  taste.  (Cap  &  Henry.)  Siskin-green  crystals,  permanent  in 
the  air.  (A.  Vogel.) 

CrystaUized.  Cap  &  Henry. 

NH3 17-0       ....       12  25  14-46 

Ca 32-0       ....       2305  25-03 

CI 35-4       ....       25-50  27-57 

HCl  36-4       ....       26-23  26*34 

2HO 18-0       ....       12-97  6*60 

NHS,  HCl  +  CuCl  +  2Aq 1388       ....     100-00        ZZ       10000 

The  calculation  is  made  according  to  the  statements  of  Graham  and 
Mitscherlich,  which  agree;  the  analysis  by  Cap  &  Henry  corresponds  to 
the  formula,  NH*,HC1  +  CuCl  +  Aq. 

The  salt  retains  its  2  atoms  of  water  with  great  tenacity,  and  cannot 
be  completely  dried  without  volatilization  of  sal-ammoniac.  (Graham.) 
When  heated,  it  gives  off  water  and  turns  greenish,  but  recovers  its  blue 
colour  on  being  moistened  with  water.  At  a  higher  temperature,  it  fuses, 
gives  off  acid  vapours,  accompanied  by  sal-ammoniac  and  a  small 
quantity  of  chloride  of  copper,  and  solidifies  in  a  radiated  mass  on  cool- 
ing. (Cap  &  Henry.)  It  is  less  soluble  in  water  than  the  protochloride 
of  copper.  (Graham.)  It  dissolves  in  water  with  partial  decomposition 
and  separation  of  a  green  powder,  while  the  solution  is  acid  and  greenish. 
In  alcohol,  especially  when  hot,  it  dissolves  completely  and  without 
decomposition.  (Cap  &  Henry.)  The  aqueous  mixture  of  protochloride  of 
copper  and  sal-ammoniac  is  green,  but  acquires  a  transient  yellow  colour 
when  heated,  as  do  likewise  characters  traced  on  paper  with  it. 

^  6.  NH*Cl,2CuCl-|-4Aq. — By  saturating  one  part  of  hydrochloric 
acid  with  ammonia,  2  pts.  of  the  same  acid  with  cupric  carbonate,  and 
mixing  the  solutions,  this  salt  is  obtained  in  fine  bluish-green  crystals, 
isomorphous  with  the  corresponding  nickel  and  cobalt-compounds,  and 
soluble  in  2  parts  of  water. 


NH<  

2Ga    ............•«.•».« , 

180 
......        64*0 

•  ••• 

•  ••• 

•  ••■ 

803 
28*55 
47-37 
16-05 

Haatz. 
8-08 
27-79 

3a 

4H0 

106-2 

360 

47-39 
16-46 

NU*Cl,2CiiCl  +  4Aq.  ... 

224-2 

••»• 

10000 

99-72 

(Hautz,  Ann,  Pharm.  QQ,  281.)  f 

Y.  CuPRO-NiTRATB  OP  Ammonia.— 1.  Formed  by  saturating  cnprio 
nitrate  with  ammonia.  (Newmann.)— 2.    By  passing  ammoniacal  gas 
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through  a  hot  satarated  flolation  of  ouprio  nitrate,  till  the  precipitate 
dissolves,  and  leaving  the  solution  to  crystallize  hy  cooling.  (Kaoe. 
3.  When  a  basin  containing  aqueous  ammonia,  and  another  oontainin^  a 
concentrated  solution  of  cuprio  nitrate,  are  placed  together  under  a  bell- 
jar,  a  crystalline  powder  forms  in  the  latter,  which,  by  recrystallisation  in 
hot  water,  may  be  obtained  in  distinct  crystals.  (Berthier.)— Blue  crystals 
(Newmann),  needles  intersecting  each  other  (Kane). — Gives  off  traces 
of  ammonia  when  heated,  but  no  water  if  it  has  been  previonely  well 
dried.  The  mass  exhibits  small  specks  of  black  oxide  of  copper,  fusee, 
and  at  a  higher  temperature  explodes  with  a  riolent  hissing  noise,  formiiig 
a  cloud  of  gaseous  matter,  and  leaving  a  residue  of  cupric  oxide.  (Kane.) 
According  to  Berzelius,  also,  the  salt  exhibits  hissing,  but  not  detonating 
explosion;  according  to  Newmann,  it  leaves,  when  dissolved  in  alcohol 
and  evaporated  to  dryness,  a  residue  which  detonates  like  fulminating 
gold  when  heated.  It  dissolves  easily  in  water;  a  small  quantity  of  acid 
throws  down  trinitrate  of  cuprio  oxide. 

OrjfilaUued.  Kane. 

2NH» 34      ....      26-56        25-23 

CuO  40      ....      31-25        31-03 

NO»  54      ....      4219 

128      ....     100-00 

NH«,CuO  +  NH>,NO»;  or,  according  to  Kane,  Cu,NH«+NH»,HO,NO*, 
t.  e,  a  compound  nitrate  of  ammonia  with  amide  of  copper. 

%  Z.  AzopiTospiiATE  OF  CuPRic  OxiDE. — Whcu  cupHc  sulph&te  is 
added  to  a  slightly  acid  aqueous  solution  of  chlorophosphide  of  nitrogen 
decomposed  by  ammonia  and  alcohol,  and  the  mixture  boiled,  a  pale  blue 
flocculent  copper-salt  precipitates.  This  compound,  when  heated,  swells 
up,  becomes  black  and  afterwards  ]i|^hter  in  colour,  and  evolves  anunonia, 
vapour  of  water,  and  the  white  sublimate  already  mentioned  (p.  259),  as 
produced  by  the  decomposition  of  the  corresponding  ferricHsalt.  It  is 
wholly  decomposed  by  a  cold  solution  of  potash. 

Gladstone. 

3CuO 120      ....       42-41         42-42 

2P  64       ....      22-62        

N    14       ....        4-94        4-72 

2H 5       ....         1-76        1-94 

lOO    80      ....       28-27         

3CuO,I«NO»  +  5Aq.      ZZ       283       ....     10000  ~ 

(Gladstone,  Chem.  Soe.  Qu.  J.  3,  147.)  f 


Copper  and  Potassium. 

A.  Alloy  op  Copper  and  Potassium. — According  to  Serullas, 
copper  heated  to  redness  with  cream  of  tartar  does  not  become  alloyed 
with  potassium.  According  to  Karsten,  copper  thus  treated  takes  up  a 
ouantity  of  potassium  not  exceeding  0-13  per  cent.,  and  is  thereby  ren- 
acred  somewhat  less  ductile  when  hot. 


B.  Cuprous  Oxide  WITH  PoTAsn. — a.  Hydrate  of  potash  fused 
copper  crucible  out  of  contact  of  air,  forms  a  red  mass,  from  which  v 


ma 
water 
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separates  the  greater  part  of  the  dioxide  in  the  form  of  a  brick-red 
powder ;  a  small  portion,  however,  goes  into  the  potash  solution.  — 
b.  When  cuprous  oxide,  either  anhydrous  or  hydrated,  is  treated  with 
excess  of  caustic  potash,  a  small  quantity  dissolves.  The  colourless 
liquid  turns  brown  with  sulphuretted  hydrogen  and  deposits  sulphide  of 
copper.  (Chodnew,  J.  pr.  Ghent,  28,  217.) 


B.  CuPRio  Oxide  with  PoTASH.-^a.  Hydrate  of  potash  fuses  with 
oupric  oxide  to  a  green,  transparent  liquid ;  water  withdraws  the  potash 
from  this  mass,  and  leaves  the  cupnc  oxide  undissolved.  (Berzelius.) 
One  part  of  cupric  oxide  heated  to  commencing  redness,  dissolves  com- 
pletely in  4  ox  G  parts  of  pure  hydrate  of  potash  {Fotcuse  d  Vaieohot). 
When  the  cooled  mass  is  treated  with  water,  oxygen  gas  escapes,  in  con- 
sequence of  the  previous  formation  of  peroxide  of  potassium,  while  flakes 
and  crystals  of  cupric  oxide  free  from  potash  remain  undissolved.  The 
crystals  are  formed  during  the  solidification  of  the  mass,  for  they  may  be 
recognized  before  the  action  of  the  water;  they  separate  during  the  pro- 
cess of  solidification  from  their  solution  in  peroxide  of  potassium  (or 
rather  in  hydrate  of  potash :  Berxelius);  the  flakes  are  that  portion  of 
the  cupric  oxide  which  remain  in  combination  with  the  potash -hydrate 
even  wnen  the  mass  is  solidified.  When  common-hydrate  of  potasn  con- 
taining  lime  is  used,  scarcely  a  trace  of  crystals  is  produced.  Cupric 
oxide  ignited  for  some  time  with  hydrate  of  potash,  is  converted  into 
cuprous  oxide,  and  on  treating  the  mass  with  water,  the  latter  is  obtained 
in  smaller  red  crystals.  (Becquerel,  Ann,  Chim.  Phys.  51, 122;  also/Sb^. 
66,  401.) — The  compound  of  cupric  oxide  and  potash  is  obtained  on  fusing 
hydrate  of  potash  in  a  copper  crucible,  or  cuprous  oxide  and  hydrate  of 
potash  in  a  silver  crucible,  the  air  having  access  to  the  mass.  The  com- 
pound is  dark  blue,  somewhat  green  on  the  surface.  The  longer  the 
fusion  is  continued,  the  greater  is  the  quantity  of  cupric  oxide  dissolved ; 
the  proportion,  however,  does  not  exceed  I  part  in  173  to  200  of  potash- 
hydrate.  The  oxide  is  not  completely  separated  on  treating  the  mass 
with  water;  a  portion  passes  into  the  solution,  and  imparts  a  blue  colour 
to  it.  (Chodnew,  J.  pr,  Chem.  28,  217.) 

b.  Strong  potash-ley  mixed  in  excess  with  hydrated  cupric  oxide  or 
any  salt  of  copper,  dissolves  a  portion  of  the  oxide.  The  blue  solution, 
when  heated  for  some  time,  deposits  black  oxide  of  copper,  and  on 
addition  of  water,  the  blue  hydz«t«.  (Proust,  A.  Gehl.  6,  561;— eomp. 
Rolofl*,  A,  Gehl,  6,  440.) — ^The  blue  solution  is  obtained  either  by  treating 
the  fused  compound  a  with  water,  or  by  dropping  a  dilute  solution  of 
copper  into  an  excess  of  strong,  cold  solution  of  potash,  which  redissolves 
the  precipitate  first  formed.  (If  the  liquids  are  hot,  a  separation  of  black 
cupric  oxide  takes  place.)  In  this  combination,  38*5  parts  of  potash- 
hydrate  are  required  for  1  part  of  dissolved  cupric  oxide.  The  solution 
when  once  obtained  is  not  rendered  turbid  either  by  boiling  or  by  the 
addition  of  water  (contrary  to  Proust's  statement),  but  is  rather  made 
clearer  by  boiling;  even  the  ignited  oxide  dissolves  in  caustic  potash  after 
continued  boiling,  the  solution  taking  place  the  more  easily  as  the  potash- 
ley  is  stronger.  (Chodnew.)  Berzelius  suspects  that  the  power  possessed 
by  the  potash  to  dissolve  the  cupric  oxide  may  have  arisen  from  the  pre- 
sence of  organic  matter. 

c.  Potash  added  to  the  solution  of  cupric  oxide  in  ammonia,  or  to 
carbonate  of  cupric  oxide  and  ammonia,  throws  down  light-blue  flakes  of 
hydrated  cupric  oxide  containing  potash,  from  which  warm  water  extracts 
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the  vhole  of  the  poUsli.  (B«ndiiu.)— OronTOlle  {Ann.  C?itm.  Phjfg, 
17,  356)  itates  thftt  hydrated  cuprio  oxide  precipitated  from  oopper-saltB 
bv  exoew  of  potuh,  oontains  potaah  in  &  state  of  such  intimate  oombiDa- 
tion,  that  it  cannot  be  extracted  by  water,  aad  ia  eren  retained  in  the 
aabydrooi  oxide  wliioh  ia  farmed  on  boiling  the  hydrate  with  water; 
it  may,  however,  be  detected  by  oTaporation  to  drynees,  and  i^ition  with 
nitric  acid. 

Aeoordiog  to  a  former  itatement  of  Bersolins  (Soke.  30, 10...d),  caprio 
(udde  in  excess,  ignited  with  carbonate  of  potajh,  drives  out  j  of  the 
carbonic  acid,  so  that  KO,CdO  +  3KO,CO*  is  prodaoed;  water  added  to 
tlie  mtae  dissolves  out  the  1  atom  of  potadi  and  the  3  atoms  of  the  car- 
bonate of  potash,  and  leaves  cnpric  oxide. — Acourding  to  Fellenberg 
{■Foffff.  44,  447),  carbonate  of  potssli  ignited  with  cnpric  oxide  does  not 
^ve  off  a  trace  of  carbonic  acid.  Berzslins  (JahrtAer,  19,  247)  arrived 
at  the  same  resnlt,  and  attribntea  the  evolution  of  carbonic  acid  which  he 
observed  in  his  former  experiments,  to  the  hct  of  his  having  naed  a 
porcelain  retort,  the  silica  of  which  expelled  the  carbonic  acid  from  the 
carbonate  of  potash. — More  recently  Ghodnew  {J.yr.  Ghtm.  28,  217)  has 
found  that  oarbonio  acid  is  oertunfy  evolved  in  tnis  reaction,  provided 
the  heat  be  strong  enongh;  and  aocording  to  Dumas  &  Piria  (J.  pr.  Gh«m. 
S7,  332),  1  atom  of  carbonic  acid  is  expelled  from  4  atoms  of  carbonate 
of  potash,— «  result  agreeing  perfectly  with  the  fenner  statement  of 
Beraelins,  according  to  which  the  quantity  of  carbonic  acid  driven  off 
doee  not  amount  to  the  half.    The  sabject  requires  farther  examination. 

D.  Carbonate  of  Cuprio  Oxidb  and  Potash.— OKpnoo-potcustc 
CoriofHite.— Aqueous  carbonate  of  potash  dissolves  carbonate  of  cnpric 
exide,  forming  a  pale  blue  solution  (Hanemann,  Sdter.  J.  4,  579^;  from 
the  solution  in  bicarbonate  of  potash  the  doable  salt  crystallises  in  octo- 
bedrone.  {SchtD.  9,  9.)  Iron  immersed  in  this  solution  does  not  preci- 
pitate the  copper,  unless  sal-ammoniac,  common  salt,  nitoe,  or  sulphate  of 
potash  is  present.  (Wctilsr,  ScAto.  50,  103.) 

E  Sulphide  of  Copper  and  PoTABstnu.— a.  5  parta  of  ignited  bine 
vitriol,  heated  to  whiteness  in  a  charcoal  crucible  with  5  parts  of  sulphate 
of  potash,  yield  5'IS  parts  of  a  metallic  sulphide,  which  is  tumefied  and 
black,  has  an  acrid  and  sulphurous  taste,  effloresces  in  the  air,  and  gives 
up  its  sulphide  of  potassium  to  water,  while  sulphide  of  copper  remains 
in  the  form  of  a  black  powder.  (Berthier,  Ann.  Chim.  Phi/t.  22,  294.) — 
b.  1  port  of  liver  of  sulphur  ignited  with  6  purts  of  copper- filings,  yields 
a  black,  semi-fused  mass,  from  which  water  extracts  nothing  but  sulpbate 
of  potash.  (Vauquelin,  Ann.  Chim.  Fhyi.  6,  25.) — e.  A  copper  vessel  in 
which  potash-ley  is  boiled  with  sulphur,  becomes  rapidly  corroded. 
(Paxhenb.  1781,  28.)— rf.  BecquOTel,  by  die  electrolytic  method  (I.  401), 
obtained  silky  needles  of  [hydnited  t\  sulphide  of  copper  and  potassium. 

Protosnlphide  of  copper  is  solaUe  in  aqueous  oarboo&te  of  potash. 
(Benelios.) 

F.  HrposuLPBine  of  Cupboub  Oxide  amd  Potasb.  —  Ovproia- 
potaasie  Bypondpkite. — a.   With  1  At.   PctatK-talL — Aqueous  hyposul- 

TihitA  nf  nntjLsh  fnmiH   wll.li    BitlnlmliA  nr  iLnAlH.fA  nf  r!nnrifl   fiTida    a.  invwn 
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formation,  not  of  snlphnric,  but  probably  of  tetratbionic  acid.  (Fordos  Sc 
€^li8,  N.  J,  Fharm.  4,  388.)  [Perhaps  accoidin^  to  the  following 
formula]  : 

4(K0,  &a*)  +  2(CuO,  S0>)  =  2(K0,  S0» + KO,  Cu«0, 2S20«)  +  KO,  S  W. 

(Compare,  on  the  other  side,  Leni,  under  the  head  of  Hppomlphite  qf  Cuprie  Oxide 
mid  Soda.}—Tho  salt  quioklv  turns  brown  while  bemg  dried  in  the  air.  It 
blackens  when  heated,  whereupon  water  extracts  from  it  sulphate  of 
potash  free  from  sulphide  of  potassium.  When  boiled  with  water,  it 
disintegrates  and  yields  black  sulphide  of  copper,  the  water  taking  up 
sulphurous  and  sulphuric,  but  no  hyposulphurous  acid  : 

KO,  Cu»0, 2S»0«  «  2CttS  +  KO,  S0»  +  S0«. 

With  heated  potash  it  is  resolved  into  yellow  hydrated  cuprous  oxide 

and  hyposulphite  of  potash.     It  dissolves  with  dimculty  in  water.  (Rant- 

melsberg,  Fo^g,  56, 321.) 

OiydaUked,  Rammelsberg^ 

KO 47-2      ....      20-24  17*86 

Cu«0  72-0      ....      30-87  31-40 

2S202 960       ....       41-17  42-07 

2HO  18-0       ....         7-72  8*67 

KO,S?OS  +  Cu20,S20«  +  2Aq 2332      ....     10000        ZZ       10000 

h.  With  S  At.  PotoA-salt — Precipitated  on  the  addition  of  alcohol  to 
the  saturated  solution  of  the  salt  a  in  aqueous  hyposulphite  of  potash,  in 
the  form  of  a  heavy  oil,  which  soon  solidifies  to  a  white  mass.  Dissolves 
more  easily  in  water  than  a;  the  solution  remains  undecomposed  on 
boiling,  but  hydrochloric  acid  liberates  sulphurous  acid  from  it,  precipi- 
tating sulphur  and  afterwards  sulphide  of  copper.  Chloride  of  oarium 
added  to  tbe  solution,  throws  down  white  flakes  of  the  barytic  double  salt, 
soluble  in  hydrochloric  acid.  Excess  of  ammonia  forms  a  colourless 
liquid  which  turns  blue  in  the  air.  (Rammelsberg.) 


3KO     141-6 

Cu*0    -..  72-0 

4S203    192-0 

3H0 27-0 


Rammelsberg. 

32-73 

31-24 

16-64 

15-41 

44-39 

46-10 

6-24 

7-25 

2(K0,S«09)  +  Cu*0,S»0'  +  3Aq 432*6      ....     10000        100-00 

G.  Sulphite  op  Cuprous  Oxide  and  Potash.  —  Ouprosopotastic 
SiUphtte, — When  solutions  of  cuprie  nitrate  and  sulphite  of  potash^  not  too 
dilute,  are  mixed  in  the  cold,  a  yellow  precipitate  is  formed,  containing 
85-2  sulphite  of  cuprous  oxide  and  14*8  sulphite  of  potash,  which  latter 
may  be  extracted  by  boiling  water.     The  salt  is  insoluble  in  water. 

H.  Sulphate  op  Cupric  Oxide  and  Potash.  —  Cupnco-potasnc 
Sulphate. — Formed  by  dissolving  pure  or  carbonated  cuprie  oxide  in 
aqueous  bisulphate  of  potash,  or  by  minng  monosulphate  of  potash  with 
monosulphate  of  cupric  oxide,  and  leaving  the  solution  to  crystallize. 
(F.  C.  Vogel,  Schw.  7,  40.)  By  heating  the  crystals,  the  dry  salt  is 
obtained  in  the  form  of  a  green,  friable  mass,  which  fuses  at  a  red  heat, 
giving  off  a  portion  of  its  acid.  (F.  C.Voffel.)  When  cooled  after  fusion^ 
it  solidifies  in  a  blue  mass,  which  soon  faUs  to  pieces  in  scales  or  powder, 
with  decrepitation  and  formation  of  cracks.  (Graham,  FhU.  Mag.  J.  4, 418; 
Bbttger,  Fogg.  50,  43.) 
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From  the  aqueous  solatioD,  the  salt  separates  in  comhiiiati<m  -with  S 
atoms  of  crystaUizatioD- water,  forming  pale  blue  crvstalsy  isomoiphoos 
with  those  of  sulphate  of  magnesia  and  ammonia  (Mitscherlii^),  and  of 
specific  gravity  2*137.  (Kopp.)  Fiff.  84,  t : «' or  u=l04'' 30';  i  :  «= 
154"  20';  %  :/=116''  20;  u' :  m=:107"  35';  u  :  <=126'  12'.  (Brooke,  jinig. 
FhiL  23,  1 1 8.)--The  crystals  heated  to  100°  in  the  air,  give  off  1 1  -27  p.  c. 

2   At.)  of  water.    (Oraham.)      They  are    easily   Mluble    in    water. 

F.  C.  Vogel.) 

KO 47-2        28-23 

CuO  400        23-92 

2SO» 80-0        47-85 

KOifiO*  +  CvO,80> 167*2        ZZ      100-00 

OryHaUized.  P.  C.  Yogd.  GnJiun. 

KO 47-2      ....      21'34        21-42  ....     I  -e /;, 

CuO    400      ....       1808        1800  ....     /  '^  ^^ 

^SO»  80-0      ....      36- 16        36-08 

6HO   54-0      ....       24-42        24-60  ....         24  39 


i 


KO»SO*  +  CuO,SO>-f-6A<i.  221*2    ....     100*00        100*00        ...       lOOOU 

The  aqueous  solution  when  boiled,  deposits  a  light  green  crystalline 
powder,  consisting  of  a  hane  double  taU,  so  that  the  liquid  filtered  firom 
this  deposit  not  only  fields  crystals  of  the  normal  salt^  but  ultimately 
a  mother  liquid  containing  bisulphate  of  potash.  The  basic  crystet- 
line  powder  appears  by  analysis  to  consist  of  KO,4CuO,4SO*  +  4Aq; 
different  samples  of  it,  however,  gave  different  results,  so  that  it  most  be 
regarded  as  a  variable  mixture  of  two  basic  salts.  When  boiled  for  some 
time  with  water,  it  leaves  basic  sulnhate  of  cnpric  oxide,  the  water 
taking  up  the  sulphate  of  potash,  togetner  with  a  smaJl  quantity  of  cnprie 
oxide.  (Brunner,  Poff^,  15,  476;  32,  221.)  Graham  likewise  obtained 
the  basic  double  salt  on  boiling  the  solution,  and  found  that  it  was 
decomposed  during  washing. 

I.  Seleniatb  of  Cupric  Oxibb  and  Potash.— "Exhibits  characters 
similar  to  those  of  the  sulphate.  (Mitscherlich.) 

K.  DiNioDiDB  op  GoppBR  AND  PoTASSiUM. — Cuprogo-pctossic  Iodide. 
— Becauerel  obtained  this  salt  in  white  needles  by  the  electrolytic 
method.  (I.  401.) 

L«  DicHLORiDB  OP  Copper  and  Potassium.  —  Cuproto-poUutic 
Chloride, — Formed  by  boiling  dichloride  of  copper  in  a  small  quantity  of 
water,  adding  chloride  of  potassium  till  all  the  dichloride  of  copper  is 
dissolved,  and  cooling  the  solution  to  the  crystallizing  point.— Anhydrous 
regular  octohedrons  =  2KC1,  CuKll.  (Mitscherlich,  Ann.  Ckim,  Phys^ 
73,  384.) — Becquerel,  by  the  electrolytic  method,  obtained  the  same  or  a 
similar  compound  crystallized  in  tetrahedrons.  (I,  401.) 

M.  Protochloride  op  Copper  and  Potassium.  —  Cuprieo-potame 
Chloride, — Formed  by  cooling  a  concentrated  aqueous  mixture  of  proto- 
chloride of  copper  ana  chloride  of  potassium.  Square-based  octohetirons 
=KC1,  CuCl  +  2Aq.  (Mitscherlich.)      Double  six-sided  pyramids.   (Jac- 

Suelain.)     Soluble  m  water  and  alcohol.  (Berzelius,  Foffff.  13,  458;  comp. 
iouUay,  «7.  Fharm,  12,  639;  Oraham,  Ann.  Pharm,  29, 32.) 


HYPOSULPHITE  OF  CUPftOU^  OXIDB  AND  SODA.  461 

Anhydrous,  CfjfaiaUvxd,          Jacqnelain. 

K 39-2     ....     27-61             K 392     ,...     24-50  ....     2450 

C«   32-0    ....     22-53            Cu  320     ....     2000  ....     19-81 

2C1 70-8    ....     49-86            2C1 708     ....    44-25  ....    43-87 

2HO   ....  180    ....     11-25  ....     11-82 

KC],CaCl  ....     142-0    ....  10000  +2Aq.....     1600     ....  lOO'OO     ....  100-00 

N.  Fluoride  op  Copper  and  Potassium. — KP,  CuF. — Paleblnish- 
green,  granular  ciystals^  easily  soluble  in  water.  (Berzelius.) 


Copper  and  Sodium. 


A.  CupRic  Oxide  with  Soda. — a.  Hydrate  of  soda  likewise  dissolves 
cnprio  oxide  when  fnsed  with  it.  ('Berzelius.)  Cupric  oxide  is  also 
slightly  soluble  in  aqueous  solution  of  soda. 


B.  Carbonate  of  Cupric  Oxide  and  Soda. — a.  Aqueous  carbonate 
of  soda,  the  bicarbonate  more  especially,  dissolves  a  small  quantity  of 
cupric  oxide,  forming  a  pale  blue  solution. 

h.  Carbonate  of  soda  heated  with  cupric  oxide  on  platinum  before  the 
blowpipe  dissolves  it,  forming  a  glass  which  is  green  while  hot,  and 
becomes  white  and  opaque  on  cooling.  (Berzelius.) 

c«  By  the  electrolytic  method  (I,  402),  bluish-green,  silky  needles  are 
obtainecl,  from  which  hot  water  extracts  carbonate  of  soda,  and  separates 
brown  cupric  carbonate.  (Becquerel.) 

C.  BorcLX  forms  with  cupric  oxide  in  the  outer  blowpipe-flame,  a  clear 
bluish-green  glass,  which,  when  heated  in  the  inner  flame  —  espe* 
cially  with  the  addition  of  tin — is  decolorized  by  formation  of  cuprous 
oxide,  but  at  the  moment  of  solidification,  becomes  scarlet-coloured  and 
opaque.  (Berzelius.) 

D.  With  Micro€09mic  ScUt,  cupric  oxide  forms  a  bluish-green  bead  in 
the  outer  flame;  and  this,  when  heated  in  the  inner  flame,  becomes  opaque 
and  red  or  brown-red  at  the  moment  of  solidification,  if  the  quantity  of 
copper  is  considerable,  but  transparent  and  ruby-red  if  the  quantity  is 
smailj  with  a  still  smaller  quantity  of  copper,  the  red  colour  is  not 
produced  without  the  addition  of  tin;  after  a  moment's  exposure  to  the 
blast,  the  colourless  glass  solidifies  on  cooling  to  a  red,  opaque  mass. 
(Berzelius.) 

E.  Hyposulphite  op  Cuprous  Oxide  and  8oi}A,^Cupro80-9<>dic 
Bypoiulphiie. — a.  With  B  At.  Copper-salt  to  2  At,  SodorsaU. — ^A  cold 
aqueous  mixture  of  hjrposulphite  of  soda  and  excess  of  cupric  sulphate  or 
acetate,  forms  in  a  short  time  a  thick,  egg-yellow,  crystalline  precipitate, 
which  must  be  quickly  collected  on  a  filter,  washed  with  water  containing 
a  small  quantity  of  acetic  acid,  and  rapidly  dried  in  vacuo  over  oil  of 
vitriol.  The  formation  of  this  salt  is  attended  with  the  production  of 
sulphuric  acid,  a  fact  which  may  easily  be  verified  by  using  acetate  of 
cupric  oxide  in  the  preparation  instead  of  sulphate.  If  the  solutions  are 
warm  when  mixed,  a  brown  precipitate  is  formed;  the  yellow  precipitate 
likewise  turns  brown  if  the  filtering  and  washing  are  not  quickly  per- 
formed,— also  when  it  is  gently  heated.  Oil  of  vitriol  decomposes  the 
salt  immediately;  dilute  sulpburio  acid  boiled  with  it  liberates  sulphurous 
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aeidy  throws  down  *  precipitate  of  aulpbide  off  eopper,  and  a^eq^nires  a 
greenish  colour  from  dissolved  cnpric  oxide.     Ck>ld  hydrochloric    add 
converts  the  salt  into  a  white  mass  without  eyolving  eren  a  trace  of 
sulpharoos  acid;  but  on  the  application  of  heat,  sulphuroos  acid  is  given 
off,  sulphide  of  copper  precipitated,  and  oaprous  oxide  disaolred.     Caustic 
potash  separates  h jdrated  cuproos  oxide  from  the  salt;  ammonia  dissolved 
it)  formiog  a  brown ish-jellow  solution,  which  soon  passes  into  dark,  blue 
when  exposed  to  the  air. — The  salt  dissolves  sparing! j  in  water,  easiljr  in 
aqueous  hyposulphite  of  soda,  but  is  insoluble  in  alcohol.  (C.  I^ns,  Ann, 
Pharm.  40,  99.) 


2NaO 
3Cu20 

5HO   . 


62*4 

■  ••• 

1108 

11-20 

216-0 

•  ••• 

3834 

37-27 

240*0 

•  •«• 

42-59        42-67 

450 

»••• 

7-99 

8-86 

2(NaO,SW)  +  3(Cu«O,S»0')  +  5Aq.         568-4       ....     lOO'OO        lOO-OO 

h.  1  At  Copper-taU  to  B  At  Soda-^aU.'^^From  the  eolation  of  a  in 
aqueous  hyposulphite  of  soda,  alcohol  throws  down  a  white  sah.  (C.  Len^ 

Rammelsberg,  Fogg.  56,  323.) 


SNaO 

Cu^O 
4S-0« 
2HO 


93*6 

••»• 

24-92 

23-93 

720 

••M 

1917 

20-30 

1920 

•  ••< 

6112 

5113 

180 

.... 

4-79 

4-64 

3(NaO,S202)  +  Cu20,S20''  +  2Aq 3756       ....     10000 lOOOO 

F.  Sulphate  of  Cuprig  Oxidb  and  Soda. — Cuprica-^odie  SvZpkaU. 
•^From  a  solution  of  blue  vitriol  and  Glauber's  salt,  each  of  the  salts 
crystallizes  separately;  but  a  solution  of  blue  vitriol  and  bisulphate  of 
foda  yiold*s  Glauber's  salt  and  blue  vitriol  separately  at  first,  but  after- 
wards small  crystals  of  the  double  salt  united  into  a  crust;  they  appear 
to  contain  2  atoms  of  water.  The  salt  may  be  easily  dehydrated,  ^ses 
at  a  commencing  red  heat  without  losing  acid,  and  on  cooling  solidifies 
in  a  blue  mass  which  does  not  decrepitate  like  the  potassio  (U>uble  salt 
The  salt  deliquesces  slowly  in  the  air,  and  is  decomposed  by  water  into  the 
two  simple  salts.  (Graham,  F1M.  Mag.  4,  420.) 

G.  DioHLORiDB  OP  CoppBR  AND  SoDiUM. — Cupro§o-9odic  Chiortde^^^ 
Obtained  by  Becquerel  (I.  401)  by  the  electrolytic  method  in  traasparent 
and  colourless  octohedrons,  which  turned  green  when  the  experiment  was 
continued  for  a  considerable  time. — Dichloride  of  copper  dissolves  abun- 
dantly in  solution  of  common  salt,  forming  a  colourless  liquid,  which  gives 
an  orange-yellow  precipitate  with  alkalis  and  white  with  ferrocyanide  of 
potassium,  (Boossinganlt^  Arm.  Chim,  Fhy$.  61i  352.) 


Coppxft  AND  Barium. 

A.  Alloy  op  Coppbr  and  Barium) — a«  Clarke  {GUb.  62,  374) 
obtained  a  golden  yellow  alloy  by  heating  copper  and  barium  together 
before  the  oxy-hydrogen  blowpipe.—^.  Lampadius  (Schw.  15,  146)  by 
heating  to  whiteness  4  parts  of  borvta  with  4  copper  and  1  chaKoal-dust, 
obtained  a  substance  which  crumbled  to  pieces  when  exposed  to  the  air, 
being  resolved  into  baryta  aad  cnpric  o:uae.  (?) 
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B.  Ctipric  0x0$  tnt4  JBarytaf  — ^  Cuprio  oxide  precipitated  from 
its  solution  by  ba^Jtl^  carries  down  with  it  1  or  2  per  cent,  of  bar7tl^ 
which  cannot  oe  extracted  by  water.  (Groayelie.) 

C.  Sulphide  op  Coppbr  and  Barium.— 10  parts  of  ignited  blue 
vitriol  heated  to  whiteness  in  a  charcoal  crucible  with  5  parts  of  sulphate 
of  baryta,  yield  8*1  parts  of  a  fused,  compact,  brittle,  distinctly  laminar, 
lead-grey  metallic  sulphide  containing  a  few  grains  of  copper^  and 
efflorescmg  rapidly  in  the  air. 

D.  DiCHLORiDB  OF  CoppER  AND  Barium. — Bocquerol  obtained  this 
salt  by  the  electrolytic  method.  (I.  400.) 


Copper  and  Calcium. 

Cwpric  Oxids  toUh  X«m«F  —  Lime  withdraws  enprie  oxide  from  its 
solution  in  ammonia.  (Kuhlmaun,  Ann.  Pharm,  41,  227.) 

B.  Sulphide  of  Copper  and  Caloium.^— 10  parts  of  anhydrous 
enprio  sulphate  and  5  parts  of  crystallized  gypsum,  heated  to  whiteness  in 
a  charcoal  crucible,  yield  6*47  parts  of  a  well-fused,  blistered,  lead-grey 
metallic  sulphide,  with  granules  of  copper  imbedded  in  it;  when  this 
substance  is  treated  with  acetic  acid,  sulphuretted  hydrogen  is  given  off, 
and  nothing  but  the  lime  is  dissolved.  (Berthier.) 

C.  One  atom  of  fluorspar  and  1  At.  blue  vitriol  heated  together  to 
bright  redness,  form  a  thin  liquid  which  yields  on  cooling,  a  compact, 
white  mass  fwith  a  slight  tinge  of  brick-red  proceeding  from  a  small 
quantity  of  lioerated  cupric  oxide),  which  has  a  shining,  crystallo-granular 
fracture,  and  from  wnich  water  extracts  cupric  sulphate.  But  at  a 
stronger  red  heat,  the  sulphuric  acid  goes  off  in  a  decomposed  form,  and 
there  remains  a  mixture  of  fluorspar  and  cupric  oxide.  (Berthier,  Ann. 
Ckim.  Phys.  43,  300.) 


Copper  and  Magnesium. 

A.  Sulphide  op  Copper  and  Magnesium. — Obtained  by  heating 
blue  vitriol  and  sulphate  of  magnesia  to  whiteness  in  a  charcoal  crucible. 
The  fused  mass  contains  magnesia  in  a  state  of  mechanical  mixture. 
(Berthier.) 

B.  Sulphate  of  Cupric  Oxide  and  Magnesia. — Crystallizes  in  the 
form  of  ferrous  sulphate  with  7  atoms  of  water,  if  the  magnesia-salt  is 
in  ercess,  and  in  the  form  of  cupric  sulphate  with  5  atoms  of  water^  if 
the  copper-salt  is  in  excess.  (Mitscherlich.)  Sulphate  of  magnesia  dis- 
solves quickly  in  a  satnrated  solution  of  blue  vitriol,  and  the  undissolved 
portion  of  the  magnesia-salt  is  gradually  converted  into  the  double  salt. 
(Karsten.) 

C.  Sulphate  of  Cuprio  Oxide,  Magnesia,  and  Ammonia.— 
Separates  from  an  aqueous  mixture  of  sulphate  of  magnesia  and  ammonia. 
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and  salphaie  of  oaprio  oxide  and  ammonia,  in  pale  bine  oiystals,  haying 
the  form  of  sulphate  of  magnesia  and  ammonia.  (Bette^  Ann,  Fharm, 
U,  284.) 

(NHH),  S0>  -h  MgO,  SO*  -h  6Aq.)  +  (NH^O,  SO*  +  CuO,  SO*  -i-  6  Aq.) 

Bette. 

2NH* 34      ....        8-95        9*20 

MgO 20      ....        5-25        4-54 

CuO   40       ....       10-53        10-78 

4SO*  160      ....       4211         40-96 

14H0 126       ....      3316        34-52 

380      ....     10000        ZZ       100-00 


GoppBB  AivD  Aluminum. 

A.  Aluminatb  of  Cupric  Ozidb. — Precipitated  on  mixing  B  with 
ammonia^  an  excess  of  that  reagent  not  being  able  to  extract  the  cuprio 
oxide. 

B.  F1.U0RIDB  OF  Aluminum  and  Coppbr.  —  CnF,Al*P.  —  Pale 
blnish-green  [h  jdiated  1]  needles,  Teiy  slowly  bat  completely  soluble  in 
water.  (Berselius.) 

CoppBR  AND  Zirconium. 

ZiRCONATE  OF  CuPRic  OxiDE. — ^When  a  salt  of  siroonia  mixed  with 
a  cQprio  salt  is  precipitated  by  ammonia  in  excess,  the  zirconia  carries 
down  the  cupric  oxide,  which  cannot  be  extracted  by  ammonia,  and 
forms  with  it  a  sky-blue  precipitate,  which  becomes  emerald-green  after 
Ignition.  While  yet  moist,  it  gives  up  part  of  its  cupric  oxide  to  car- 
lK>nate  of  ammonia,  but  is  not  completely  decolorized  by  it.  The  cupric 
oxide  is  not  separated  by  oxalic  or  acetic  acid.  (Berthier,  Ann.  Chim. 
Fhy$.  49,  196.) 

Copper  and  Silicium. 

A.  SiLiciDB  OF  Ck)PPBR. — a.  Silicium  may  be  fused  into  a  ductile  bead 
with  copper  before  the  blowpipe,  and  the  alloy  thus  formed  leayes  a 
siliceous  skeleton  when  dissolved  iu  acids.  (Berzelius,  Fogg,  1,  220.) — 
h.  By  heating  copper  to  intense  whiteness  with  silica  and  charcoal 
powder,  a  compound  is  obtained  containing  a  small  quantity  of  carbon 
and  perfectly  soluble  in  acids;  the  solution  when  evaporated  yields  5  per 
cent,  of  silica.  (Berzelius,  Gilh.  86,  100.) 


B.  Silicate  of  Cupric  Oxide,  or  Cupric  Silicate. — a.  MonosilieaU. 

i,  Jliono-hydraUd, — Emerald  Copper,  or  Dioptase, — Crystalline  system 
the  rhombohedral.  Primary  form  an  obtuse  rhombohedron ;  Fig.  141, 
r*  :r*=126'' 17';  less  obtuse  rhombohedron;  t^:i^=i95°  48',  often  with 
truncated  lateral  edges.  Fig,  145.  Specific  gravity  S'2JfS,  Of  the 
hardness  of  apatite. — Transparent,  emerald-green.  Turns  black,  from  loss 
of  water,  in  the  outer  flame  (green  in  the  inner:  Eobell),  and  red  in  the 
inner,  without  fusing.  With  a  small  quantity  of  carbonate  of  soda  on 
charcoal,  it  yields  a  turbid  red  glass,  together  with  a  bead  of  copper;  with  a 
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larger  quantity  of  carbonate  of  soda^  it  sinks  into  the  charcoal,  leaving 
metallic  copper  on  the  surface.  Dissolves  readily  in  boraz^  exhibiting 
the  usual  reactions  of  copper,  and  forming  a  bead,  which,  if  exposed  to 
the  outer  flame  after  cooling,  imparts  to  it  a  momentary  green  colour, 
and  when  heated  in  the  inner  flame,  yields  reduced  copper.  Dissolves  in 
microcosmic  salt  with  the  reactions  of  copper,  and  separation  of  a  siliceous 
skeleton.  (Berzelius.)  In  heated  nitric  or  hydrochloric  acid,  it  dissolves 
with  formation  of  a  jelly. 

Dioptase,  Hess.  Yauqudin. 

xy&LI ....  ....        0*0"  t... 

MgO ....  ....  0-22 

CuO 40    ....  50-00    ....  45-10        ....        45-46 

SiO» 31     ....  38-75     ....  36*85        ....        43-18 

HO  9     ....  11-25     ....  11-52        ....         11-36 

Al^O*    ....  ....  2-36 


CuO,SiO«  +  Aq 80     ....     10000     ....     99-44        ....       100-00 

$,  Bi-hydrated, — Chrysocolla, — Kidney-shaped,  globular,  botryoidal; 
fracture  conchoidal;  sp.  gr.  2*2.  Harder  than  gypsum.  Opaque  or 
slightly  translucent. — Before  the  blowpipe  it  behaves  like  dioptase* 
Hydrochloric  acid  decomposes  it,  ifMi  separation  of  gelatinous  silica. 

Chrytoeolla,       KobelL  Berthier.  Bowen* 

a.  h.  C.  d.  €m 

CuO 40  ....  44-94  ....  40-00  ...,     39'9  ...  42-73     ....    351  ....  45-18 

SiOa 31  ....  34-83  ....  36-54  ....     35-0  ....  33-67     ....    35-4  ....  37*25 

2HO    18  ....  20-23  ....  20*20  ....    21-0  ....  23-60     ....    28-5  ....  17*00 

Fe^O^  ....     1-00  ....       3-0  .... 

Quartz ....     210  Clay  1-1  ....            Quartz  1-0 


•  ••« 


CuO,8iO«  +  2Aq.      89  ....100-00  ....  99-84    ....  100*0....  100*00    ....  1000  ....  99*43 

a.  From  Bogolowsk.  When  it  is  dissolved  in  caustic  potash,  there 
remains  2*1  per  cent,  of  quartz.  {Kastn,  Arch,  23,  103.)-— 6.  From  Bogo- 
lowsk. {Ann,  Chim,  Pkys.  51,  396.)  —  c.  From  Oanaveiiles;  previously 
freed  from  admixed  malachite  by  digestion  in  ammonia.  The  calculation 
of  the  analysis  is  made  after  deduction  of  12*7  per  cent,  of  admixed  quartz. 
— d.  From  Sommerville,  New  Jersej,  This  variety  is  supposed  by 
Berthier  to  contain  4  atoms  of  water.--^.  From  the  same  locality. 
{Schw.  43,  314.) 

b.  QuadroaUicate, — An  aqueous  solution  of  silicate  of  potash  yields 
with  cupric  salts,  a  greenish-blue  precipitate,  which  retains  its  colour 
even  at  a  boiling  heat.  (Fuchs.)  Quadrosilicate  of  soda  gives  a  more 
copious  precipitate  with  cupric  nitrate  than  caustic  soda.  (Walcker.) 

C.  Cuprous  Silicofluoride. — Ou'FjSiF*. — Copper-coloured,  resem- 
bling difluoride  of  copper.  Behaves  like  the  latter  when  exposed  in  the 
moist  state  to  the  air.  When  somewhat  strongly  heated,  it  fuses  and  gives 
off  gaseous  fluoride  of  silicium  with  ebullition.  (Berzelius,  Fog^,  1,  199.) 

D.  Cupric  Silicofluoride. — CuF,SiF'+7Aq.  —  The  solution  of 
cupric  oxide  in  ter-hydrofluate  of  silica,  yields  by  spontaneous  evapora- 
tion, blue,  transparent  octohedrons  and  six-sided  prisms,  which  effloresce 
in  the  air,  becoming  light  blue  and  opaque  and  giving  off  2  atoms  of 
water,  and  are  easily  soluble  in  water.     (Berzelius.) 
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K  uid  F.  CopTons  oxide  formB  with  glM»41iixMy  BometiBies  Uood- 
red  and  tnoiflpftteiit,  flomeiimes  brown-red,  opaqne  maases.  Cnpric  oxide 
hnpartfl  to  gUai-fluxee  %  bine  or  greeniBh-blne  colour  without  diminighing 
their  transparenej. 

CoFPBB  AKD  TlTANIUX. 

Fluoride  op  TirAmim  and  Copper. — ffydrated.^-Vormed  by  mix- 
ing the  two  simple  salts.  Long,  pale  blnish-green  needles,  which,  with 
the  exception  of  the  colour,  perfectly  resemble  the  fluoride  of  titanimn 
and  magnesium.  (III.  487.)  They  dissolve  in  pure  water  with  partial 
decomposition,  easily  and  completely  in  acidulated  water.  (Berzelius.) 


Copper  and  TcmosTBir. 

A.    TuNGSTiDB   OF   CoppER.  —  Browuish    copper-coloured,    porous, 
tolerably  extensible. 

B.   TUNOSTATB  OF  CuPRIC  OxTDU,^T  CUPRIC  TuNGSTATB. — O.   JUonO- 

tungstate. — Cnpric  salts  throw  down  from  monotungstate  of  potash  a  light 

freen  powder,  which  turns  yellowish-brown,  and  gives  off  its  water  when 
eated — ^fuses  at  a  red  heat — and  on  cooling,  solidifies  in  a  chocolate- 
eoloured,  crystalline  mass,  having  in  its  cavities  crystalline  geodes,  which, 
when  examined  by  the  microscope,  are  found  to  consist  of  transparent 
six-sided  prisms  of  a  deep  wine-yellow  colour.  The  unignited  salt  is 
insoluble  in  water,  but  after  continued  washing,  passes  throagh  the  filter 
and  renders  the  filtrate  milky.  It  dissolves  in  phosphoric  acid,  acetic 
acid,  and  aounoniai  but  not  in  oxalic  add.  (Anthon.) 

CvO 40    ...    25    ....    2584  CaO .......      40    ....    22*47    ....     23 

WO» 120    ..-    75    ....    74-16  W0> 120    ....    67-42    ....     66 

2H0 18    ....    10-11     ....     11 

CaOtWO*    160    ....  100    ....  100-00  -l-2Aq.....    178    ....  100-00    ....  100 

b.  BitungttaU.'^-Thi^  light  green  precipitate  obtained  with  an  alhaliBe 
bitnngstate,  turns  brown  and  gives  off  water  when  ignited,  fusing  par- 
tially, throwing  out  cauliflower-like  excrescences,  and  finally  assuming  a 
dark  lead-grey  colour.  The  unignited  salt  when  digested  in  nitric  acid, 
swells  up  in  a  gelatinous  form,  but  does  not  dissolve.  It  is  likewise 
insoluble  in  water,  but  soluble  in  ammonia.  (Anthon,  J.  pr.  Chan. 
9,  346.) 

ignU$i.  Andion.  DriUintkBmbr.    AaChon. 

CuO...........      40  ....  14-20  ....  13-64  CbO  40  ....  12-66  ....  12 

2WO» .......    240  ....  85-71  ....  86-36  2W0« 240  ....  7596  ....  76 

4H0  36  ....  11-39  ....  12 

CttO,2WO>     280  ...10000  ....10000  +4Aq 316  ....10000  ....100 

C.  GuPBio  SiiLPHOTUKasTATB.~CuS,WS'.— LiTer-coIoured  precipi- 
tate, which  asrames  a  daric  brown  colour  when  collected  on  the  filter. 
(Bwieliue.) 
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COPPES  AND  MOLTBDEmiH. 

I 

A.  MoLTBDiDE  OF  CoppER.— Pale  copper-red;  malleable  if  the 
molybdenum  is  not  in  excess.  (Hielm.) 

B.    MOLYBDATE    OP    CuPRIC    OxiDE^    Or   CUPRIO    HoLYBDATE. — Ycl- 

lowiah-green  precipitate,  sparingly  soluble  in  water^  decomposed  by  acids 
and  by  alkalis.  (Berzelios.) 

C.  CupRiG  SuLPHOMOLTBDATE. — CuS,MoS^— Black-brown  precipi- 
tate. (Berzelius.) 

D.  GuPBic  PEBfii7i<PHOMOLTBDATB.-^CuS,MoS^-— Dark  red  precipi- 
tate, which  tarns  brown  when  collected  on  the  filter.  (Berselius^  I^offff* 
7,  287.) 

Copper  and  Vanaditth, 

Vanadiate  of  Cupric  Oxids,  or  Cuprio  Vanadiatb. — «.  Mano* 
vanadiate. — An  aqueous  mixture  of  a  copper-salt  with  an  alkaline  mono- 
vanadiate,  yields,  on  the  addition ^of  alcohol,  a  yellow  precipitate,  which 
is  soluble  in  water,  and  when  the  water  is  eyaporated,  remains  in  the 
form  of  a  dark  yellow,  amoxphous  mass. — Bivanadiate, — Separates  gradu- 
ally from  an  aqueous  mixture  of  blue  yitriol  and  biyanadiate  of  potash,  in 
the  form  of  a  yellow,  crystalline  crust.  (Berzelius.) 

Volborlhite  appears  to  be  a  basic  Vanadiate  of  Cupric  Oxide,  Oliye- 
green  needles  united  in  tufts,  yielding  a  yellowish-green  powder.  Specific 
grayity  3'55.  Turns  black  and  giyes  off  water  when  heated.  Fuses  easily 
on  charcoal  without  fume  or  deposit,  and  when  more  strongly  heated, 
solidifies  in  the  form  of  a  graphitic  slag,  containing  granules  of  metallic 
copper.  With  carbonate  of  soda  on  charcoal,  it  immediately  yields 
copper.  Dissolves  in  borax  or  microcosnuc  salt,  producing  a  beautiful 
green  colour.  Heated  with  not  too  large  a  quantity  of  microcosmic  salt 
on  platinum  wire,  it  forms  a  green  glass  in  the  inner  flame  and  yellow  in 
the  outer,  these  colours  becoming  brighter  on  cooling;  with  tin,  the  bead 
becomes  red-brown  and  opaque.— -Dissolves  in  hydrochloric  acid  with 
evolution  of  chlorine;  the  solution  in  moderately  strong  nitric  acid,  when 
left  over-night,  deposits  brick-red  yanadic  aeid.  Insoluble  in  water. 
(Hess,  J,  pr.  Chem.  14,  52.) 

Copper  and  Chromium. 

Chromate  of  Cupric  Oxide,  or  Cupric  Chromatb^-hs.  With  a 
great  excess  of  Base  ? — Prepared  as  a  fine  green  colour  by  the  following 
methods :  1.  By  adding  2  parts  of  pearl-ash  and  1  part  of  chalk  to  a 
solution  of  48  pts.  blue  yitriol  and  2  pts.  bichromate  of  potash,  pressing 
the  precipitate  to  expel  the  greater  part  of  the  water,  and  then  drying 
and  reducing  it  to  powder.     The  colour  is  not  so  fine  as  that  of  Schwein- 
furt  green.  (Juch,  •/.  pr.  Chem.  29,  204.)     [According  to  these  propor- 
tions, the  precipitate  might  contain  2  At.  cupric  oxide  to  1  At.  chromic 
acid.     The  prescribed  quantity  of  cupric  oxide  appears  to  be  much  too 
large,] — 2.  By  gradually  adding  ammonia  to  a  solution  of  2  pts.  blue 
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Yitriol  and  1  pt.  bichromate  of  potash,  at  a  temperature  between  20°  and 
SO",  till  the  red-brown  precipitate  [of  salt  bf]  produced  at  first,  b^ns  to 
turn  green;  if  too  much  ammonia  were  added,  the  precipitate  would  dis- 
solve and  form  a  green  solution.  When  the  temperature  and  the  quantity 
of  ammonia  are  rightly  adjusted,  the  colour  is  very  brilliant ;  the  preci- 
pitate produced  at  too  high  or  too  low  a  temperature  loses  all  its  chromic 
acid  during  washing,  and  is  converted  into  the  blue  hydrated  oxide. 
(Leykauf,  J.  pr.  Ckem,  22,  448.) 

h.  Basic? — 1.  Monochromate  of  potash  forms  with  neutral  copper- 
salts,  a  yellowish-brown  precipitate,  becoming  chestnut-brown  when  dry, 
(Vauquelin.)  After  complete  washing  with  hot  water,  the  salt  assumes 
a  lighter  colour,  and  when  perfectly  dry,  becomes  yellowish-brown,  like 
hydrated  ferric  oxide •  (Bottler.)  When  monochromate  of  pota^eh  is 
dropped  into  a  boiling  solution  of  blue  vitriol,  the  blue  colour  changes 
through  greeu  and  yellow  to  red,  whereupon  a  brown  precipitate  is  pro- 
duced, which  finally  becomes  dark  red-brown.  (Benson,  Pogg.  55,  97.) 
Boiling  water  extracts  from  the  precipitate  a  large  quantity  of  bichromate 
of  potash.  (Gm.)  2.  By  treating  carbonate  of  cupric  oxide  with  excess 
of  chromic  acid,  the  salt  is  obtained  with  a  yellowish-brown  colour. 
(Bbttger.)  Potash  or  soda  withdraws  all  the  chromic  acid  from  this  salt, 
separating  the  blue  hydrated  oxide  in  the  cold,  and  the  black  anhydroos 
oxide  at  higher  temperatures.  Dissolves  easily  in  dilute  nitric  acid,  and 
likewise  in  ammonia,  in  which  it  forms  a  green  solution. 

Normal  salt  9 — Bichromate  of  potash  does  not  precipitate  cupric  salts. 
The  solution  of  hydrated  cupric  oxide  in  aqueous  chromic  acid  yields  by 
slow  evaporation — during  which  it  effloresces — transparent  green  crystals, 
having  the  form  of  blue  vitriol  and  a  density  of  2*262;  they  contain  33*5 
per  cent,  of  water.  These  crystals  turn  white  when  dehydrated,  and  if 
subsequently  moistened  with  water,  become  very  hot  and  recover  their 
green  colour.  They  are  easily  soluble  in  water,  but  insoluble  in  alcohol. 
(Kopp,  Ann,  Fharm.  42,  98.)  The  author  did  not  succeed  in  obtaining 
this  «dt.  The  carbonate  of  cupric  oxide  dissolved  sparingly  in  aqneona 
chromic  acid,  and  the  brownish-yellow  solution  yielded  on  evaporation  a 
non-crystalline  residue,  from  which  water  extracted  chromic  acid  with  a 
small  quantity  of  cupric  oxide,  leaving  a  dark-green  powder.  (Gm.) 

B.  CuPRO-CHROMATE  OF  Amhonia. — Monochromate  of  cupric  oxide 
yields,  with  aqueous  ammonia,  a  beautiful  dark  green  solution,  which 
does  not  lose  its  colour  by  exposure  to  light,  and  again  yields  cupric 
chromate,  both  on  evaporation  and  on  the  cautious  addition  of  acid. 
(Yuaflart,  J.  Fharm.  10,  607.)  The  green  solution,  if  covered  with 
strong  alcohol,  deposits  cupro-chromate  of  ammonia,  in  the  form  of  a 
dark  green  powder,  which  must  be  collected  on  a  filter,  and  then  washed 
with  alcohol.  It  decomposes  when  kept  for  some  time.  In  hot  water  it 
is  resolved  into  chromate  of  ammonia,  which  dissolves,  and  a  light  green 
powder,  which  evolves  ammonia  when  treated  with  potash,  and  is  there- 
fore a  basic  double  salt.  (R.  Bottger,  Beiir.  2,  77.) 


Copper  and  Uranium. 

Uranico-citprio  Phosphate.— CAoZA^^ife,  Kupferuranglimmer, — Iso- 
morphous  with  Calcartfym  Uraniie.  (IV.  191.)  Siskin-green.  Before 
the  olowpipe  it  behaves  like  calcareous  uranite,  but  when  heated  on 
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charcoal  with  carbonate  of  soda  in  the  inner  flame,  it  yields  a  bead  of 
copper,  sometimes  coloured  white  from  the  presence  of  arsenic ;  with 
microcosmio  salt  and  tin,  it  gives  the  reactions  of  cuprous  oxide.  rBerze- 
lins.)  When  moistened  with  hydrochloric  acid,  and  held  by  the  Ibrceps 
in  the  blowpipe -flame,  it  assumes  a  blue  colour.  (Berzelius.)  Its  powder, 
when  boiled  with  potash,  acquires  a  dark  brown  colour,  ochre-yellow  in 
parts,  (v.  Kobell.)     It  is  easily  soluble  in  acids. 

Berzelius.  Phillips. 

Camwall. 


CuO 

40-0 

8*48 

8-44 

90 

2U«0»    

2880 

6109 

60-25 

600 

P0«    

71-4 

1515 

15-57 

160 

8HO 

72-0 

15-28 

1505 

14-5 

AsO«,F,Sn,Pb,Pe 

trace 

Matrix  

0-70 

0-5 

CuO,2U203,PO«  +  8Aq. 

471-4 

10000 

100-01 

100*0 

Copper  and  Manganese, 

A.  Alloy  op  Copper  and  Manganese. — Reddish-white,  very  malle- 
able; acquires  a  green  tarnish  by  long  exposure  to  the  air, 

B.  Peroxide  op  Manganese  with  Cupric  Oxide. — Found  in  an 
impure  state  as  Cupreow  Manganese,  The  ore  from  Kamsdorf  gives  off 
oxygen  gas,  water,  and  a  trace  of  ammonia  at  a  red  heat,  and  fuses  in  the 
outer  blowpipe-flame  to  a  bead,  at  the  same  time -colouring  the  flame 
green ;  on  charcoal  it  fuses  to  a  slag.  Dissolves  in  hydrochloric  acid, 
with  evolution  of  chlorine,  forming  first  a  brown  and  then  a  CTCen  liquid. 
May  be  regarded  as  MO,2MnO'-f-2Aq.,  where  the  symbol  MO  denotes 
CuO  and  other  fixed  bases,  including  MnO,  the  manganese  being  contained 
in  the  mineral,  ^  as  MnO^  and  -^  as  MnO.  (Rammelsberg,  54,  546.) 
The  cupreous  manganese  ore  from  Schlackenwald  yields  water  at  a  red 
heat,  but  no  oxygen.  TKersteu,  Sckw,  66,  3.)  [Hence  it  would  appear 
to  be  a  different  mineral,  the  composition  approaching  to  CuO,6Mn'0^+ 
l8Aq.] 

Rammelsberg.  Bottger*  Keraten. 

Kamsdorf.  Schlakenwald. 

KO  0-52  ....  0-65            ....            trace. 

BaO     1-64  ....  1-69 

CuO     2-25  ....  2-85 

MgO    0-69 

CoO  +  NiO 0-49  ....  0-14 

CuO 14-67  ....  16-85             ....               4-80 

MnO    49-99  ....  5322              Mn»0»     74*10 

0 8-91  ....  9-14 

HO 14-46  ....  16-94            ....             2010 

Pe«0»  4-70  ....  1-88            ....               0-12 

SiO» 2-74  CaO^SQg    105 

101-06        ....        103-36  ....  100-17 

C.  Permanganate  of  Cupric  Oxide. — Deliquescent.  (Mitscherlicb.) 
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A.  Abbbnidb  op  GoPPBB.<*a.  Coniainvng  hiU  UuU  ilrMntc.^^opper 
ailored  with  0-15  per  cent,  of  aisenio  becomes  somewhat  brittle  when 
colJ^  and  yeiy  brittle  at  a  red  heat  (Karsten.) 

h,  Cu^As. — 100  parts  of  copper-filings  heated  with  an  eqaal  weight  of 
arsenic  form,  without  visible  combustion,  158*5  parts  of  fused  arsenide  of 
copper,  which  is  whitish-grey,  brittle,  and  fine-grained.  (Gehlen.)  A 
similar  compound,  sometimes  called  White  Copper  or  White  Tombac,  is 
obtained  by  igniting  copper  with  arsenic  us  acid  and  black  flux. 

0.  Trisarsenide. — 1.  Formed  by  passing  arseniuretted  hydrogen  gas 
over  dry  chloride  of  copper,  hydrochloric  acid  being  cTolved  at  the  same 
time: 

3CuCl  +  AbH»  =  Cu»Aa  +  3HCL 

2.  By  passing  arseniuretted  hydrogen  gas  through  a  solution  of  blue 
vitriol.  (Kane,  Fogg.  44,  471.) 

3(CaO,  80>)  -I-  AiH*  »  Cn^As  +  SHO  +  3SO>. 

The  precipitate  is  black.  (Dumas.)  Arseniuretted  hydrogen  gas  passed 
over  dry  cupric  sulphate  is  abundantly  absorbed,  wiw  great  rise  of  tem- 
perature and  disengagement  of  water,  and  a  black  mass  is  formed,  con- 
sisting of  Cu'As,3S0'^^that  is  to  say,  of  sulphate  of  trisarsenide  of  copper. 
(Kane.) 

On  Condurriie,  ■  Corniih  mhien],  ootuliting  of  a  mixture  of  cnprons  oxide,  ane- 
nions  acid,  or  copper  pyritea,  and  the  remaina  of  an  araenide  of  copper  (Cn'As',  or 
Cu^As),  by  the  weathering  of  which  the  mineral  haa  been  formed,  via,  Blytfa  ^Chem, 
Soc.  Qu,  J.  1,  213),  and  Rammelsberg  {Po^g,  71,  305.) 

B.  Arsenite  of  Cupric  Oxibb,  or  Cupric  Arsenite. — MonoaraenUet 
^-Scheele's  Green,  or  Swedish  Green,  Formed  by  mixing  arsenite  of  potash 
with  a  copper-salt,  or  the  aqueous  acid  with  an  ammoniaoal  solution  of 
cupric  oxide.  Scheele  mduallv  adds  to  the  aqueous  solution  of  32  pts. 
blue  yitriol,  a  hot  andlfiltered  solution  of  32  pts.  pearl-ash  and  1 1  arseniosa 
acid,  stirring  constantly  all  the  while.-^iskin-green  precipitate.  When 
heated,  it  gives  off  arsenious  acid  and  water,  and  leaves  a  residue  of  cuprio 
oxide.  (Proust,  N.  Gehl,  3,  432.)  The  brown  residue  is  a  mixture  of 
arsenide  of  copper  and  cupric  arseniate,  the  latter  of  which  may  be  dis- 
solved out  by  dilute  nitric  acid.  (Simon,  Pogg.  40,  440.)  When  treated 
with  caustic  potash-ley,  it  is  resolved  into  cuprous  oxide  and  arseniate 
[and  arsenite  ?]  of  potash,  the  change  being  accelerated  by  heat.  ( Vau- 
quelin,  J,  Pharm.  9,  230;  Bonnet,  Pogg,  37,  300.)  Dissolves  in  ammonia 
without  colour,  probably  in  the  form  of  arsenic  acid  and  cuprous  oxide. 
(Berzelius,  Lehrh.)  When  heated  with  aqueous  sulphurous  acid,  it  is 
converted  into  cuprous  oxide.  (A.  Vogel.)  Arsenious  acid  passed  in  tbe 
state  of  vapour  over  red-hot  cupric  oxide,  is  not  absorbed  by  it.  (Gbi.) 

Parrot-green  is  arsenite  of  cupric  oxide  kneaded  together  with  gela- 
tinous starch.  Many  varieties  of  Brunswich-green  and  Neuwiedrgreen  are 
prepared  by  precipitating  100  parts  of  dissolved  blue  vitriol  with  a  solu- 
tion of  12  to  15  parts  of  arsenious  acid  and  20  parts  of  pearl-ash,  and 
afterwards  with  excess  of  milk  of  lime,  whereby  gypsum  is  introduced 
into  the  composition.  In  tbe  state  of  powder,  it  is  sent  into  the  market 
as  Mountain-green.     For  the  preparation  of  Pickle-green,  blue  vitriol  is 
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precipitated  by  a  solution  of  arsenions  acid  in  excess  of  carbonate  of  potash, 
so  that  carbonate  of  cuprio  oxide  becomes  mixed  with  the  precipitate. 
To  prepare  MineraZ-greerif  100  parts  of  bine  vitriol  are  mixecL  first  with 
a  solution  of  10  or  12  parts  of  arsenious  acid,  and  then  with  excess  of 
caustic  potash-ley,  prepared  from  90  parts  of  pearl-ash  and  80  of  lime. 
This  pigment  is  aark  green^  and  has  a  condhoidal  fracture.  (Gentle.) 

(With  respect  to  Sckweit^rt  green^  Vienna  green,  and  Mitis^green,  vid.  Acetic 
Acid,) 

h.  Add  ArsenUe. — The  solution  of  cupric  carbonate  in  excess  of 
aqueous  arsenious  acid  is  not  precipitated,  either  by  acids  or  by  alkalis; 
when  evaporatedi  it  leaves  a  yellowish-green  salt,  (oerzelius.) 


C.  Arsbniatb  of  Cupbig  Oxide,  or  Cuprio  Ab8Eniatb.-hx.  OctO' 
basic  ?^JStAchlorose,  Copper-mica.^^TyBiMine  system  the  rhombohedral. 
Acute  rhombohedrons  considerably  truncated;  Pig.  153;  t*  i  r^=z6S°  41'. 
Cleavage  distinct  parallel  to  p.  Specific  gravity  varying  from  2*5  to  2*6. 
Soft,  transparent^  emerald-green.  Decrepitates  strongly  before  the  blow* 
pipe,  the  flame  being  coloured  green  by  the  detached  puiioles.  On  char- 
coal it  fuses  without  detonation,  but  with  emission  of  arsenical  fumes, 
and  forms  a  grey,  brittle,  metallic  globule,  which,  by  a  second  fusion,  with 
the  addition  of  carbonate  of  soda,  is  converted  into  malleable  copper. 
{v.  KobeU.) 

Buehloroee.  Chensvix.        Ysnqiielin. 

8CuO 320      ....      58*93        58        ....        30 

A80* 115       ....      21*18        21         ....        42 

12HO    108       ....       19*89 21         ....         17 

8CaO,A80»+12Aq.....      543      ....     100*00        100        ....        98 

5.  Fentahasic, — «.  Bi-hydrated, — JFrinifo.— Formed  of  concentric 
scales  with  rough  surfsM^es  formed  by  the  ends  of  very  small  crystals. 
Specific  gravity  4*043.  Dull;  translucent  on  the  edges;  emerald-green 
inclining  to  apple-green.  (Turner,  Edinb.  J,  of  Sc,  9,  93;  also  jPogg, 

14,  228.) 

Ertniie,  Torner. 

5CuO 200      ....      6006  69*44 

AsO* 115      ....      34*54  33*78 

2H0 18      ....        5*40  5*01 

APO» ....  1*77 

-  -  — ■ ■ 

5CuO,AsO«  +  2Aq 333      ....    100*00        10000 

0.  Pentorhi/drated. — Aphanese,  Strahlenknipfer, — Under  this  name 
are  included  two  minerals,  in  one  of  which  two-thirds  of  the  cupric  oxido 
appear  to  be  replaced  by  ferrous  oxide.  The  supposition  of  Chenevix 
(FhU,  Trans.  1801,  201;  also  A.  GM,  2,  131\  that  the  iron  in  this 
mineral  is  in  the  form  of  ferric  oxide,  is  improbaole. 


CuO  

At. 
5 

.... 
.... 
.... 
.... 

Aphaneee 
200      .... 

.... 

115      .... 

45       .... 

* 
55*56 

31*94        \ 
12*50 

Chenevix. 

.......            94 

FeO  

AaO*     

1 

30 

HO    

5 

16 

5CuO,A80«  +  5Aq 360       ....     100*00        100 
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At.  Aphanme,  Cha&evix. 

CaO  2  ....  80  ....  22*99  22-5 

FeO    3  ....  108  ....  3103  Fe'O"  27-5 

AeO*  1  ....  115  ....  33-05  33-5 

HO    5  ....  45  ....  12-93  12-0 

Quartf   ....  ....  3-0 

iii    ....   10000      ZZ      98-5 

y,  Deea-  hydraied. — Leirochraite,  Kupfersckaum, — Formed  of  diverging 
fibres.  Specific  grayity  3*09.  Very  soft;  tranalacent;  of  a  light  ver- 
digris-green colour.  Decrepitates  strongly  in  the  flame  of  a  candle, 
colonring  it  green  by  the  scattered  powder.  When  held  in  the  forceps, 
and  heated  by  the  blowpipe-flame,  it  turns  black,  and  fuses  into  a  steel- 
grey  bead.  On  charcoal  it  fuses  quietly,  exhibiting  a  slight  intumescence 
only  after  a  long-continued  fusion;  it  then  likewise  emits  an  odour  of 
arsenic,  and  on  cooling  yields  a  non-crystallizing  globule,  which  becomes 
continually  more  difficult  of  fusion,  and  acquires  a  brownish  surface. 
With  carbonate  of  soda  it  yields  an  imperfectly-fused  mass,  in  which 
metallic  globules  are  enclosed.  Eyolves  carbonic  acid  slowly  when 
immersed  in  cold  hydrochloric  acid,  rapidly  in  the  same  acid  when  heated. 
Dissolyes  in  ammonia,  leaving  a  residue  of  carbonate  of  lime  (tr.  Kobell, 
XaHn.  Arch.  23,  96;  also  Fo^g.  18,  253). 

Leiroehraiie.  Or? 

At.  At«  Kobdl. 

CnO  ...« 5  ....  200    ....     49-38             5  ....  200  ....  43-95  ....  43*88 

AfO» 1  ....  115     ....     28-40             1  ....  115  ....  25*28  ....  2501 

HO    10  ....     90    ....     22-22           10  ....  90  ....  1978  ....  17-46 

CaO,CO» 1  ....  50  ■...  10-99  ....  13-65 

5CiiO,AjO*  +  10Aq.  405     ....  10000  455     ....  lOOOO    ....  100-00 

In  the  second  calculation,  the  carbonate  of  lime  is  estimated  as  an  essential 
constituent;  according  to  this,  the  mineral  will  be:  CaO, C0'-i-5Ca0, 
AsO'+lOAq. 

c.  Quadroba9ic.''^a>  Mono-hydrcUed, —  Olivenite, — Crystalline  system 

the  right  prismatic.      Fig.  54  and  other  forms :  u  :  u'=S7^  30';   i  :  i 

bekind^il  10^  50'.     Specific  gravity  from  4*28  to  4*4.     Hardness  equal  to 

that  of  calcspar.  (Haidinger.)     Transparent,  and  of  an  olive-green  colour 

inclining  to  yellow  and  brown. — ^When  heated  in  a  glass  tube,  it  gives  ofi 

a  small  quantity  of  water,  but  no  arsenious  acid.     Held  in  the  forceps 

before  the  blowpipe,  it  fuses,  imparts  a  pale  blue  colour  to  the  flame,  and 

on  cooling,  crystallizes  in  the  form  of  a  black  brown,   radiated  mass, 

having  an  adamantine  lustre,  and  covered  on  the  surface  with  a  network 

of  prismatic  crystals.     On  charcoal,  it  deflagrates,  emits  a  strong  odour 

of  arsenic,   and  yields  a  somewhat  ductile   regulus,  brownish  on   the 

outside  and  white  in  the  middle.  (Kobell.)     The  mineral  is  soluble  in 

nitric  acid  and  in  ammonia. 

Richard-        Klap-  Cbe- 

OlitemU,  from  Cornwall.      Kobell.  son.  roth.  netix. 

28CuO 11200  ....  57-60  ....  5643  ....  56-2  ....  5062    ....    60-0 

6AsO» 690-0  ....  35-48  ....  3671  ....  399  ....  4500    ....    397 

PC* ■      71-4  ....  3-68  ....  3-36 

7HO    63-0  ....  3-24  ....  350  ....  3-9  ....  350 
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/3.  Hepta'hydr(Ued,^^EuehroiU. — Oiystailine  system  tbe  right  pris- 
matic. Fig,  74,  together  with  p-faces  and  others.  Transparent,  and  of 
a  light  emerald-green  coloar.  (Haidinger.)  At  a  temperature  somewhat 
below  redness  it  gives  off  its  water  without  decrepitation,  and  becomes 
dingy  green  and  friable.  On  platinum  in  the  outer  blowpipe-flame  it 
does  not  fuse  till  heated  above  the  melting  point  of  glass;  crystallizes  to 
a  greenish-brown  mass  on  cooling.  On  charcoal  it  fuses  readily,  defla- 
grating immediately,  and  giving  off  an  odour  of  arsenic ;  after  long- 
continued  blowing,  it  yields  a  globule  of  metallic  copper.  Heated  to 
redness  with  charcoal  powder  in  a  glass  tube,  it  yields  a  sublimate  of 
arsenic  and  arsenious  acid.     Dissolves  easily  in  nitric  acid. 


4CuO 
AsO«  . 
7HO  . 


Buchroite. 

Turner. 

160        ....        47-34 

t*i» 

47-85 

115         ....        34-02 

•  •«• 

3302 

63         ....         18-64 

•  #•• 

18-80 

4CuO,A80«+7Aq 338        ....       10000        ....         99-67 

y.  Deca-hydrated, — LiroconUe. — Crystalline  system  the  right  prismatic; 
Fiff.  63,  with  the  y-faces  enlarged  so  as  to  obliterate  the  /?-face;  u  :  u'= 
119°  45';  y  :  y,  behindz^lOS''  1'.  Specific  gravity  2*92.  Harder  than 
gypsum.  Transparent,  and  of  a  sky-blue  colour  inclining  to  verdigris- 
green.  When  heated  it  does  not  decrepitate,  but  turns  emalt-blue,  after- 
wards light  green,  and  at  a  red  heat  greyish -green.  When  held  in  the 
forceps,  it  colours  the  blowpipe-flame  bluish-green.  On  charcoal  it  fuses 
imperfectly  and  with  slight  intumescence,  forming  a  brownish  slag  which 
contains  white  granules  of  metal.  With  carbonate  of  soda  it  yields  a 
semi-malleable  button  of  copper  containing  arsenic.  (Kobell,  Kastn.  Arch, 
23,  100;  TroUe  Wachtmeister,  Pogg,  25,  305.) 

TroUe 
LiroconUe,  Wachtmeister.       Chenevix. 

20CuO 800-0  ....  37-88  37-84        ....        49 

4A80» 460-0  ....  21-79  22-35        ....         14 

PO* 71-4  ....  3-38  3-88 

55HO  495-0  ....  2344  2391         ....        35 

4A1«0» 205-6  ....  9-73  863 

FegO»  800  ....  3-78  '3-65 

21120      ....     100-00        100-26        ....        98 

4CuO(AsO«;  PO*)  4- 10  Aq.  +  ( APO';  Fe'0»),  Aq.     The  hydrate  of  alumina 
and  hydrated  ferric  oxide  ought  perhaps  to  be  regarded  as  accidental. 

d,  TerhcLsic, — Precipitated  on  mixing  a  cupric  salt  with  diarseniate  of 
ammonia,  potash,  or  soda,  the  liquid  acquiring  an  acid  reaction.  (I^Iits- 
cherlich.) — Pale  bluish-green  precipitate.  Gives  off  water  when  heated, 
and,  at  a  higher  temperature,  fuses  into  an  olive-green  mass,  without 
decomposition,   excepting    where  it   is  in  contact  with  the  charcoal. 

i Proust.)  Before  the  blowpipe  on  charcoal  it  yields  a  button  of  copper. 
Simon.)  Insoluble  in  water,  but  soluble  in  the  stronger  acids  and  in 
ammonia.  Sulphurous  acid  likewise  dissolves  it  without  formation  of 
cuprous  oxide.  (A.  VogeL) 

Whether  the  precipitate  which  free  arsenic  acid  forms  in  acetate  of 
cupric  oxide,  and  the  bluish-white  powder  produced  by  the  action  of 
arsenic  acid  on  copper  in  the  air,  likewise  belong  to  this  head,  is  not  yet 
clearly  ascertained. 

Chenevix  obtained  blue  rhombohedral  crystals,  by  mixing  nitrate  of 
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Bepuatiiig  th< 


D.  CuPKic  SuLPHABSENns. — a.  Ihodv&^KLsie, — 12CD&yIitS^.  —  Be- 
mains  undiaaolTed  in  the  fonn  of  »  led-brown  mass,  when  hjrdntedcopric 
oxide  IB  added  to  monobano  snlphaneniate  of  potaasium^  till  the  oolonr  of 
the  fonner  is  no  longer  altered  (IV.  293). 

6.  Terbcuic. — 3CaS,  AsS*. — On  adding  hydrochloric  acid  to  the  hja- 
ointh-red  solution  a,  this  compound  is  precipitated  in  light  brown  flakes, 
while  chloride  of  potassium  and  hjdrochlorate  of  arsenious  acid  remain 
in  the  liquid. 

c.  Bibasie. — 2CnS,A6S'. — Formed  by  precipitating  a  cupric  salt  with 
bibasic  sulpharsenite  of  sodium. — Black-orown  precipitate,  which  acquires 
a  metal-grey  aspect  by  trituration.  When  subjected  to  distillation,  it 
first  gives  off  sulphur,  then  tersulphide  of  arsenic,  and  leaves  a  semi- 
fused,  tumefied  metal-grey  substance,  probably  a  compound  of  bisulphide 
of  arsenic  with  disulphide  of  copper :  Cuprous  HypomLpharsenite*  (Ber- 
celius,  Pogg,  7,  148.) 

E.  CuPRto  SuLPHABSENXATB. — ^2CuS,AsS'. — Sulpharseniato  of  sodiom 
dissolved  in  water  yields  with  cupric  salts  a  dark  brown  precipitate, 
which  turns  black  in  drying.  This  compound  is  likewise  precipitated 
on  passing  sulphuretted  hydrogen  through  acid  solutions  containing 
arsenic  acid  and  cupric  oxide;  if  the  arsenic  acid  is  in  excess,  the  brown 
sulphur-salt  is  first  precipitated,  and  then  the  yellow  pentaisulphide  of 
arsenic.  ^Berzelius,  Pogg.  7,  22.)  When  a  precipitate  of  this  kind  is 
treated  with  hydrosulphate  of  ammonia,  not  only  is  the  sulphide  of  ajsenic 
dissolved,  but  likewise  by  its  intervention,  a  large  portion  of  the  sulphide 
of  copper.  (Anthon,  Repert.  76,  125.)  Very  dilute  ammonia  likewise 
extiacts  the  sulphide  of  arsenic,  stronger  ammonia  acquires  a  brown  tint 
by  taking  up  some  of  the  sulphide  of  copper.  (Gm.) 


Copper  and  Aktixont. 

A.  A5TiM0ini)B  op  Copper.— Formed  by  fusing  copper  with  antimony, 
combination  then  taking  place  without  yisible  combustion, — or  with 
sulphide  of  antimony,  whereupon  sulphide  of  copper  is  produced  at  the 
same  time. — 0*15  per  cent,  of  antimony  makes  the  copper  somewhat 
brittle  when  cold,  and  very  brittle  at  a  red  heat.  (Karsteu.) 

B.  Amtimonic  Oxide  with  Cuprous  Oxide. — Called  copper-mica  by 
the  workmen. — This  compound  is  found  in  refined  copper  prepared  from 
antimonial  ores,  and  renders  it  more  cold-short  than  red-short.  When 
copper  of  this  description  is  dissolyed  in  cold  or  slightly  warmed  nitric 
acid,  the  compound  is  left  behind  in  yery  thin,  regnbtf,  six-sided  laminie, 
which  are  translucent  and  of  a  golden  yellow  colour.  When  heated,  they 
become  for  the  time  brown  and  opaque.  In  the  flame  of  Newman's  oxy- 
hydrogen  blowpipe,  they  fuse  into  a  black-brown  glass;  with  borax  they 
exhibit  slight  intumescence,  and  form  a  yellowish-brown  glass,  which 
turns  greenish-blue  when  mixed  with  nitre.  Strong  hydrochloric  acid 
dissolves  them  more  completely  \\l^^  any  other  acid.  (Hausmann  & 
iStromeyer;  Schw,  19,  241.) 
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Aftw  dedueimg 


aCn'O 

Copper-mica. 
216      ....      58*54 
153      ....      41*46 

..••                      • 
.•■*                      . 
....                      . 
•«..                      . 

Stromeyer. 

50-50 

37*05 

4*05 
0*16 
0-07 
1*58 

the 

rematndet 
57-68 

Sb08    

PbO    

AgO    

Fe^O'  

Si03  and  Al^O^  .... 

42*32 

3Cu20,SbO"  

369 

•  ••1 

10000 

93*41 

100*00 

Nickeliferom  Co^tfr-mica.— -Obtained  from  copper  smelted  at  Goslor. 
After  the  copper  has  been  treated  with  dilate  nitric  acid^  the  copper-mica 
is  freed  from  arsenical  oxide  of  antimony — ^proceeding  from  antimonide  of 
copper  previoaslj  contained  in  the  copper^  and  decomposed  by  the  nitric 
acid — ^by  digesting  it  in  a  mixture  of  hydrochloric  and  tartaric  acid.  In 
this  manner,  100  parts  of  highly  micaceous  copper  yield  4- 16  jparts  of 
pore  copper-mica. — Pale  greenish-yellow,  translucent,  strongly  lustrous, 
regular  six-sided  lamina,  which  assume  a  transient  yellow  colour  when 
heated.  This  compound  neither  fuses  nor  suffers  auy  alteration  at  a  red 
heat.  With  carbonate  of  soda  on  charcoal,  it  yields  a  white  brittle 
metal,  and  covers  the  charcoal  with  antimonic  oxide.  Heated  in  the 
outer  blowpipe-flame  with  borax  or  microcosmic  salt,  it  dissolyes  imme- 
diately and  forms  a  light  green  glass.  It  is  scarcely  attacked  by  acids, 
excepting  by  concentrated  hydrochloric  acid,  which  dissolves  it  after 
long  boiling.  When  hydrogen  gas  is  passed  oyer  100  parts  of  red-hot 
copper-mica,  a  quantity  of  water  is  obtained,  corresponding  to  18*19  per 
cent,  of  oxygen.  (In  this  reaction,  2*55  parts  of  the  mica — ^that  which 
contains  only  nickel  and  no  copper — appear  to  escape  decomposition.) 
The  residue  is  baked  together,  but  still  retains  the  form  of  laminse;  it 
may  be  decomposed  by  nitric  acid  or  by  chlorine;  in  either  case,  the  pure 
nicKel-mica  remains  undecomposed.  (fiorchers,  Pogg,  41,  385.) 


7Cu 

5Ni 

Niekelifero 

2240 

147-5 

us  Copper-mica, 
36*10 

....          CO*lt                 .••• 

....      20*79 
....       19*34 

.It.                         •••• 

Borchen. 

34*27 
23*36 

ISb 

150 

Undecomposed  Mica... 

129*0 

1200 

20*53 

18*19 

2-55 

Or: 

7CuO 

5NiO  

SbO»  

620-5 

2800 

187-5 

153*0 

.... 
.... 

100*00 

45*13 
30*21 
24*66 

98*90 

Borcbers. 
44*28 
30-61 
25-11 

620-5 

•••. 

100*00 

100*00 

Hence  it  would  appear  that  this  nickeliferoas  copper-mica  contains  not 
cuprous  but  cupric  oxide.  (Borchers.) 

C.  Cupric  Antimonitb. — ^Pale  grass-green;  becomes  pistachio-green 
when  heated;  glows  and  turns  white  at  a  stronger  heat.  Insoluble  in 
water.  (Berzelius.) 

D.  Cupric  Antimoniate. — Formed  by  precipitating  blue  vitriol  y7\t\i 
antimoniate  of  potash.     Pale  green,  crystalline  powder,  wbicb  becom<^a 
blue*green  when  dry,  and  when  gently  beated,  gives  off  l^*^  ^^  ceiit.  ^il 
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water^  and  assnmes  a  greenish-black  coloar.  At  a  red  heat,  it  glows 
and  becomes  greenish  white,  after  which  it  is  not  attacked  either  by  acids, 
or  in  the  humid  way,  by  alkalis.     When  heated  apon  charcoal  it  defla- 

f  rates  slightly,  and  is  easily  reduced  to  pale  red  antimonide  of  copper. 
nsoluble  in  water.  (Berzelios.) 

£.  CcpRous  SuLPHANTiMONiTE.  —  Aniimoniol  Copper^lance,  — 
Crystalline  system,  the  right  prismatic.  Fig.  80,  without  the  i-  luid  t»- 
faoes;  n':n=135°  12'j  tt:tt=lll°;  tt:i=129°30'.  Cleavage  distinct 
parallel  to  the  j9-face,  which  is  rery  much  enlarged;  less  distinct  parallel 
to  p,  (G.  Bose.)  Specific  gravity  4*478;  harder  than  calcspar;  strongly 
lustrous;  lead-grey  inclining  to  iron-black;  yields  a  black  powder. 
Before  the  blowpipe,  it  decrepitates  strongly  and  splits  into  laminae — 
fuses  easily — covers  the  charcoal  with  antimonic  oxide,  and  ultimately 
yields  a  brittle  metallic  globule.  With  carbonate  of  soda,  it  yields  a 
red-grey  brittle  globule,  which,  by  continued  blowing,  is  converted  into 
metallic  copper.  (Zincken,  Pogg.  35,  357.) 


H.  Rose. 

2Cn 

64 

24-90 

24-46 

Sb    

129 

60-20 

46-81 

4S     

64 

24-90 

26-34 

Fb    

0-56 

Fc 

1-39 

Cu«S,SbS»   257       ....     10000        9956 

F.  CuPRic  SuLPHANTiMONiATE.— Formed  by  mixing  the  solution  of 

Schlippe*s  salt  with  a  quantity  of  blue  vitriol  not  sufficient  to  decompoae 

it  completely.     The  precipitate  heated  in  a  retort  gives  off  sulphur,  and 

leaves  80*98   per  cent,  of  a  fused  residue  probably  containing  SCa^S, 

2SbS'.  (Rammelsberg^  Fogg.  52,  226.) 

RammeUberg. 

3Cu 96      ....       27-19         25-50 

Sb    129       ....       36-56        35-04 

as    128       ....       36-26         36-80 

3CuS, SbS* 853 100-00        ZZ         9734 

If  an  excess  of  blue  vitriol  is  used  in  the  precipitation,  and  the  liquids  are 
mixed  cold,  a  precipitate  of  variable  composition  is  obtained;  but  on 
boiling  the  mixture  (as  in  preparing  the  corresponding  lead-compound) 
the  precipitate  is  completely  converted  into  8CuS,SbO^.  This  substiince, 
when  treated  with  caustic  potash,  gives  up  its  antimonic  acid,  and  is 
converted  into  protosulphide  of  copper.  When  heated  to  redness  in  a 
retort,  it  fuses  completely,  gives  off  sulphuric  acid  and  antimonic  oxide, 
and  leaves  a  blackisn-grey  metallic  mass,  apparently  composed  of  6(Cu%), 
SbS'.  (Rammelsberg.)     The  decomposition  is  probably  as  follows: 

3(8CuS,SbO«)  =  2{6Cu»S,SbS»)  +  SbO»+6SO». 

G.  Antimonide  op  Copper  and  Potassium.  —  Formed  by  roasting 
4  parts  of  tartar  on  a  piece  of  earthenware,  till  only  2  parts  remain,  and 
fusing  the  residue  for  2  hours  in  a  powerful  air-furnace,  with  2  parts  of 
powdered  antimony,  2  copper-filings  and  1  charcoal. — The  alloy  is  violet^ 
has  a  very  laminar  fracture,  yields  slightly  to  the  hammer  and  is  slightly- 
volatile.  Small  pieces  of  it  move  rapidly  on  mercury,  the  surface  of 
which  is  covered  with  a  small  quantity  of  water.  (Serulla^,  Ann,  Chim. 
Fhys.  21,  199.) 
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Copper  and  Tellurium. 

A.  Tblluride  of  Copper. — Pale  red.  (Berzelias.) 

B.  CuPRic  Tellurite. — Siskin-green  precipitate  which  is  insoluble 
in  water,  turns  black  and  giyes  oS  its  water  when  heated,  fuses  easily, 
and  solidifies  on  cooling  to  a  black  mass  having  a  conchoidal  fracture^ 
and  yielding  a  greenish-brown  powder.  Before  the  blowpipe  on  charcoal, 
it  is  reduced,  with  deflagration,  to  pale  red  telluride  of  copper.  It  may 
be  fused  with  1  At.  cupric  oxide,  the  product  being  a  black  mass  having 
an  earthy  fracture.  (Berzelius.) 

C.  Cupric  Tellurate. — a.  Ufanotellurate, — Bulky,  slightly  translu* 
cent,  sea-green  precipitate.  -— « b.  Bitdlurate,  Pale  green  precipitate. 
(Berzelius!) 

D.  Cupric  Sulphotelluritb.  —  3CuS,TeS*.  —  Brown  precipitatOi 
black  after  drying,  giving  off  sulphur  by  distillation,  and  leaving  a  metal^ 
grey  residue.  (Berzelius.; 

Copper  and  Bismuth. 

A.  Alloy  of  Bismuth  and  Copper. — Combination  between  these  two 
metals  takes  place  at  a  temperature  below  the  melting  point  of  copper.  An 
alloy  of  1  pt.  copper  and  2  bismuth  begins  to  expand  a  considerable  time 
after  solidification.  An  alloy  of  1  pt.  copper  and  4  bismuth  throws  out 
nodules  and  spherules  as  it  solidifies — ^has  a  fine  red  colour  and  broadly 
laminar  texture-— but  contains  small  globules  enclosed  within  the  lamin». 
(Marx,  Schw,  58,  470.)— Copper  alloyed  with  small  quantities  of  bismuth 
remains  ductile  at  ordinary  temperatures;  but  when  hammered,  it  be- 
comes so  hard  and  brittle  ajs  to  require  a  second  ignition ;  and  if  the 
quantity  of  bismuth  amounts  to  even  0*6  per  cent.,  the  alloy  cracks  on  the 
edges  when  hammered  at  a  red  heat.  (Karsten.) 

B.  Sulphide  of  Bismuth  and  Copper.  —  Copper-bisfmUh-glanee  or 
BismtUh-copper-ore. — In  indistinct  prisms  and  radiating;  soft  and  pliable. 
Has  a  lead-grey  colour,  and  yields  a  black  powder. — When  heated  in  an 
open  tube,  it  gives  off  sulphur  and  a  white  sublimate,  and  afterwards 
enters  into  ebullition.  Fuses  easily  before  the  blowpipe,  covering  the 
charcoal  with  a  yellow  deposit.  With  carbonate  of  soda,  it  yields  & 
large  button  of  copper.  (Berzelius.)  Dissolves  in  nitric  acid  with  separa- 
tion of  sulphur.  The  following  analysis  does  not  admit  of  reduction  to  & 
formula.  , 

Klaprotb. 

Cu 34-66 

Bi 47-24 

S    12-58 


94*48 


Copper  and  Zinc. 


A.  Alloys  op  Copper  and  Zinc. — Brass,  Tombac,  Pinchbeck,  Princ^g 
Metal,  Swiilor,  Mannheim  Gold,  Aurum  Tnosaicum,  according  to  thd 


478  COPPER. 

proportions  and  pnrity  of  the  ingredients.— Pr^parof ion.  1.  By  a4ldiiig 
zinc  to  melted  copper,  wherenpon  some  degree  of  explosion  and  scattering 
of  the  mass  is  prodaced.    (Berzelins ;  A.  Vogel ;  J.  pr.  Chem,  6>  344  J 
Or  bj  fusing  the  metals  together  in  a  corered  crucible,  the  zinc  being 
placed  below,  and  the  copper  in  small  pieces  at  top.    For  brass  the  pro- 
portion is  7  pts.  copper  to  3  zinc.     Fart  of  the  zinc  always  bums  away. 
The  fusion  is  performed  in  crucibles,  seyen  of  which  are  usually  placed 
in  a  circular  air-furnace. — 2.  By  igniting  copper  in  small  pieces  with 
zinc-oxide  and  charcoal  powder.     In  this  older  method  of  making  braes, 
roasted  native  calamine  or  fumace-calamine  is  ignited  in  ooyered  crucibles 
with  charcoal  powder  and  copper,  the  latter  being  cut  into  small  pieces  or 
granulated. — 3.  Copper  exposed  at  a  red  heat  to  vapours  of  zinc  is  com- 
pletely penetrated  by  them,  but  does  not  lose  its  form.^—L  jfona  Goldr-laot  is 
prepared  by  exposing  rods  of  copper  to  the  vapour  of  aino,  till  (hey  are  oon- 
vei'ted  into  brass  on  the  surfsice,  and  then  drawing  them  out  into  wire.    A 
copper  coin  placed  in  a  crucible  above  a  mixture  of  zinc-oxide  and  charcoal, 
and  moderately  ignited,  is  converted  into  bnas  without  obliteration  of  the 
deviee.— 4.  B^  preoipitation.-^In  En^and,  Spwrunu  gold^re  is  pre- 
pared by  boiling  copper-wire  previously  cleaned  with  nitric  and,  with 
hydrochloric  acid,  cream  of  tartar,  and  a  mixture  of  1  pt  zinc  and  12 
mercury.  (Gilb.  49,  301.) — ^When  blue  vitriol,  dissolved  in  20  parts  of 
water,  is  precipitated  by  sine,  the  blaek  flakes  at  first  precipitated  are  an 
alloy  of  copper  and  zinc.  (Bucholz  and  Meissner,  iV.  Tr,  3,  2,  87.) 

Copper  alloyed  with  a  small  quantity  of  zinc  exhibits  a  paler  red  and 
yellowish  red  colour;  a  larger  quantity  renders  it  yellow,  the  colour 
being  brightest  when  the  two  metals  are  united  in  equal  parts;  a  stitl 
greater  quantity  of  zinc  makes  it  white.  (Lewis.)  In  certain  proportions, 
the  alloy  of  copper  and  zinc  is  more  ductile  at  ordinaiy  temperatures 
than  pure  copper,  but  generally  brittle  at  a  red  heat.  Very  small  quan- 
tities of  zinc  do  not  impair  the  ductility  of  copper  at  ordinary  tempera- 
tures, excepting  that,  when  thus  alloyed,  it  sooner  becomes  hard  and 
brittle  by  tiammering,  and  therefore  requires  to  be  oftener  heated  to 
redness ;  but  even  0*6  per  cent,  of  zinc  is  sufficient  to  cause  copper  to 
crack  when  hammered  at  a  red  heat.  (Karsten.) — The  most  ductile  of  all 
the  alloys  of  copper  and  zinc  are  those  which  contain  84*5  per  cent,  of 
copper  to  15-5  of  zinc  (tombac),  and  71*5  copper  to  28*5  zinc  (^brass). — 
The  alloy  formed  of  equal  weights  of  the  two  metals  cracks  in  rolling. 
An  excess  of  zinc  renders  the  tuloy  brittle,  the  most  brittle  of  all  being 
that  which  contains  1  At.  copper  with  1^  to  2  At.  zinc.  (Karsten.) — SmaU 
quantities  of  lead  diminish  the  ductility  of  the  alloy;  tin  increases  its 
hardness.  (Karsten.^ 

All  alloys  in  wnich  the  amount  of  zinc  does  not  exceed  50  per  cent, 
exhibit  the  reaction  of  copper  towards  acids  and  in  the  voltaic  circuit, 
and  they  do  not  precipitate  the  salts  of  copper.  But  alloys  containing 
excess  of  zinc  decompose  copper-salts,  being  thereby  converted  into  per- 
fectly pure  copper;  they  likewise  dissolve  completely  in  acids  which 
have  no  action  on  copper  alone,  the  solution  taking  place  the  more 
quickly  as  the  excess  of  zinc  is  greater.  If  the  quantity  of  acid  is  insuf- 
ficient to  dissolve  the  whole,  the  copper  first  dissolved  is  reprecipitated, 
the  liquid  at  length  retaining  nothing  but  zinc.  (Karsten.)  Brass  turns 
red  when  rubbed  with  hydrochloric  acid,  because  the  acid  dissolves  the 
zinc  in  preference  to  the  copper;  but  when  rubbed  with  ammonia,  it  turns 
whitO;  because  the  ammonia  dissolves  out  the  copper.  (Berzelius.y 
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Properties  of  Alloys  of  Copper  and  Zinc,  according  to  Malkt  (Dmgl  polyt.  J.  85,  378.) 
1  At.  Copper  is  asaamed  »  Si '6,  and  1  At.  Zinc  «  32-3. 

At.          Per  cent.       Spec.  Mallea.  Hard-  Fuai- 

Cu   Zn           Cu           Gray.  Colour.    Fracture.  Tenacity,    bility.    neaa.  bility. 

1  :   0  ....  100         ....    8-667    ....         r 24*6  ....      8    ....  22  ....  15 

10:    1  ....    90-72    ....    8-605    ....      r.  y c.g;r 12-1   ....      6    ....21  ....14 

9  :    1  ....  98-80  ....  8-607  ....  r.  y.      ....  f.  gr.  ....  11-5  ....      4    ....  20  ....  13 

8  :    1  ....  88-60  ....  8*633  ....      r.  y f.  gr 12-8  ....      2    ....  19  ....  12 

7  :   1  ....  87-30  ....  8-587  ....      r.  y f.  gr 13-2  ....      0    ....  18  ....  11 

6  :    1  ....  85-40  ....  8-591  ....      y.  r f.  f.    ....  14-1   ....      5    ....  17  ....  10 

5  :    1  ....  8302  ....  8-415  ....      y.  r f.  f.    ....  13-7   ....     11     ....  16  ....    9 

4  :    1  ....  79-65  ....  8*448  ....      y.  r f.  f.    ....  14-7   ....      7    ....  15  ....    8 

3  :    1  ....  74-58  ....  8397  ....     pale  y f.  f.    ....  131   ....    10    ....  14  ....    7 

2  :    1  ....  66-18  ....  8-299  ....    deep  y f.  f.    ....  12*5  ....      3    ....  23  ....    6 

1  :    1  ....  49-47  ....  8-230  ....    deep  y c. g.    ....    92  ....    12    ....  12  ....    6 

1  :   2  ....  32-85  ....  8-263  ....    darky cgr 193  ....      1    .,..10  ....    6 

8:17  ....  31-52  ....  7-721  ....    sihr.  w c 21   ....  v.br 5  ....     5 

8:18  ....  30-36  ....  7-836  ....    ailv.  w t.c.    ....    2-2  ....v.br 6  ....    5 

8:19  ....  29-17  ....  7-019  ....   light  gr c 0-7  ....v.br.....    7  ....    5 

8:20  ....  28-12  ....  7-603  ....    aah-gr v 3-2  ....    br 3  ....    5 

8:21  ....  27-10  ....  8-058  ....   light  gr c 09  ....    br.    ....    9  ....    5 

8:22  ....  26-24  ....  7-882  ....   light  gr c 0-8  ....v.br.....    8  ....    5 

8  : 23  ....  25-39  ....  7-443  ....    ash-gr f.  gr.  ....  59  ....  a. d 1  ....  5 

1:    3  ....  24-50  ....  7*449  ....    ash-gr f .  gr 3-1  ....v.br.....  2  ....  4 

1  :   4  ....  19*65  ....  7*371  ....     ash-gr f.  gr 1*9  ....    br 4  ....  3 

1  :   5  ....  16*36  ....  6-605  ....   dark  gr f.  gr 1-8  ....    br 11  ....  2 

V  ■•    *■  ....  U  ....  O  09W  ....  .•••              ,,.,  15*8  ....             >..«  83  ....  1 

Under  Colour y  r,  denotes  red,  y.  yellow,  gr.  grey,  nlv,  w.  diver* 
white.  Under  Fracture,  c,  gr,  denotes  coarse-grained,  /.  gr.  fine-grained^ 
/.  /.  fine  fibred,  c  concboidal,  v,  yitreoos.  The  numbers  nnder  Tenacitig, 
denote  the  weight  in  tons  required  to  break  a  rod  whose  transverse 
section  measures  a  square  inch.  Under  MdUeabilUy,  &r.  signifies  brittle, 
V.  br,  very  brittle,  9,  d,  slightly  ductile :  the  malleability  is  determined  at 
the  temperature  of  15*5°.  under  Hardness,  the  number  1  denotes  the 
maximum.— The  compound  ZnCu^  is  Prince's  metal  or  JBathrmetal; 
ZnCn*  is  German  and  Dutch  brass;  ZnCu'  is  rolled  brass;  ZnOu'  is 
English  brass;  ZnCu  is  German  brass;  Zn'Cu  is  German  brass  for  watch* 
makers.  (Mallet.) 

Alloys  of  Copper  and  Zmc  used  m  the  Arts, 

a.  Tombac.  —  Obtained  by  adding  zinc  to  melted  copper.  Pale 
yellowish-red,  very  ductile.  Contains  84*5  per  cent,  of  copper  and  15*5 
of  zinc.  (Karsten,  Pogg.  46,  160;  also  J.  pr,  Chen.  16,  375.)  Dutch 
metal  is  tombac  in  leaves  jj\j^  of  an  inch  tnick. 


a. 

b. 

e. 

d. 

Zn 

15-5 

t»>» 

15-38 

••■• 

16-0 

••»• 

17*5 

Cu 

84-5 

»••• 

83-08 

•••  • 

82-5 

•  »•• 

82*5 

Sn 

«•■• 

1-54 

■  ■■■ 

1-5 

100*0        ....       100*00        ....       1000         ....       1000 


a.  Commercial  tombac.  (Karsten.)^5.  Antique  bracelet  from  a  tomb  at 
Naumburg.— ^.  Elastic  Fibula  with  tongue,  made  in  the  Roman  pattern, 
from  a  tomb  at  Konigsberg.  d.  Antique  chain  found  at  Ronneburg. 
(Gobel,  Schw.  60,  407.)— The  formula  ZnCu*  gives  16-67  per  cent,  zinc 
to  93-34  per  cent,  copper. 
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Pinchbeck,  Princes  metal,  Similar,  and  Mannheim  Gold  are  alloys  of 
similar  characters  in  which  the  proportion  of  the  two  metals  is  not  yet 
fixed.  Older  data:  For  Pinchb^k^  18  pis.  copper,  1  brass,  and  1  zinc; 
for  Prince's  metal^  6  pts.  copper,  1  zinc;  for  Similor,  5  pts«  copper,  1  zinc,  or 
82  pts.  copper,  10  zinc,  8  tin;  for  Mannheim  gold,  4  pts.  copper,  1  zinc. 

b.  Brass. — Sometimes  obtained  by  fusing  together  copper  and  zinc, 
sometimes  by  igniting  copper  with  ziuc-oxide  and  charcoaL  The  porer 
the  copper,  the  greater  is  the  quantity  of  zinc  that  may  be  added  to  it 
without  diminishing  its  ductility.  (Karsten.)  Specific  gravity  from  7*8 
to  8*4.     Very  malleable  in  the  cold;  brittle  at  a  red  heat. 


a. 

b. 

c. 

d. 

e. 

/. 

Zn 

28-5 

•  •«• 

27-6 

•  •«• 

28  15 

....      27-63 

....      29-26 

•  ■•• 

27-45 

Cn 

71-5 

««•• 

71-0 

•  ••• 

71*36 

....      71-89 

....       70-29 

«■■• 

70-16 

Sn 

•  ••• 

trace 

•  ••• 

0-85 

0-17 

••«■ 

0-79 

Pb 

•  ••• 

1-3 

■  ••• 

•  ••• 

0-28 

•  ■•• 

0-20 

1000 

•  ••• 

99-9 

•  ••• 

99-51 

....     100-37 

....     100-00 

■ 

■••• 

98-60 

Zn.., 

»«I*««*P«B 

29-9       .... 

31*80 

35-30 

Cu... 

•>••««••• 

701       .... 

65-80      .... 

61-59 

Sn.. 

•••• 

0-25      .... 

0-25 

Pb.. 

•  «•■ 

2-15      .... 

2-86 

1000      ....     100-00      ....     100-00 

u  is  commercial  brass  of  unknown  origin.  (Karsten.)-^.  The  same. 
(Regnault.) — c.  Brass  from  Neustadt  Eberswald.  (Kudematsch,  Po^g. 
87,  575.)--(f.  Brass  from  Augsberg;  e.  from  England;  f.  from  Heeger- 
miihle.  (Layater,  J.  pr.  Chem,  3,  198.)*-^.  Brass  from  Romilly,  very 
malleable,  bnt  too  tough  for  the  lathe;  A.  from  StoUberg;  i.  of  unknown 
origin.  (Chandet,  Ann,  Chim.  Phys,  5,  321;  also  Sdwf.  2\,  350.)  The 
formula  ZnKHu'  gives  28*57  per  cent,  zinc  to  71*43  copper. 

c.  Mosaic  Gold, — Prepared  by  fusing  equal  weignts  of  copper  and 
zinc  in  a  crucible  at  the  lowest  possible  degree  of  heat,  stirrinfi^  constantly, 
and  then  adding  a  further  quantity  of  zinc  in  small  portions,  till  the 
colour  of  the  fused  mixture,  after  passing  through  the  yarious  shades  of 
brass-yellow,  purple-red,  and  yiofet,  has  become  perfectly  white.  The 
alloy,  after  casting  in  the  mould  and  cooling,  exhibits  the  colour  of  ducat- 
gold^  and  does  not  tarnish  by  exposure  to  the  air,  even  in  the  neigh- 
bourhood of  the  sea.  It  contains  from  52  to  55  pts.  [no  more  9]  zinc  to 
100  copper.  (Hamilton  &  Parker,  JSdinb,  J.  of  Sc.  1826;  also  Schw. 
48,  151;  also  Pogg,  8,  78.) 

d.  Brass-solder* — 2  pts.  brass  to  1  zinc;  or  if  it  is  to  be  more  ductile, 
6  pts.  brass,  5  silver,  and  2  zinc. 

B.  Zmco-ctrpRic  Garbonatb.— ilwrtcAafctfe. — Blackens  and  gives 
off  water  when  heated.  In  the  inner  flame,  it  covers  the  charcoal  with 
a  coating  of  zinc-oxide;  with  borax  and  carbonate  of  soda,  it  yields  a 
button  of  copper.  Hydrochloric  acid  dissolves  it  readily  and  with  effer- 
vescence. (Bdttger,  Pogg.  48,  495.) 

Auriehitlcite.  Bottger. 

3ZnO  120       ....       44-28  45-84     to     45-62 

2CnO  80      ....       29-52  2819      „      28-S6 

2C02    44       ....       16-23  1606      „      1608 

3H0    27      ....        9-97  9-95     „        9*93 


5(ZnOiCuO)2CO»  +  3Aq 271       ....     10000 10004     „      99-«9 
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C.  ZiNCO-cvpRic  SiTLPHATE. — Cijstallizes  from  a  solution  containing 
an  excess  of  zinc-enlphate,  in  the  form  of  ferrous  sulphate  with  7  At. 
water^  and  from  a  solution  containing  excess  of  cupric  sulphate^  in  the 
form  of  the  latter  with  5  At.  water.  (Mitscherlich.) — Blue  vitriol 
dissolves  very  slowly  in  a  saturated  solution  of  zinc-sulphate;  but  zinc- 
sulphate  dissolves  abundantly  in  a  saturated  solution  of  cupric  sulphate; 
in  both  cases,  the  undissolved  portion  of  the  added  salt  is  converted  into  a 
double  salt.  (Karsten.) 

D.  Sulphate  op  Ouprio  Oxide,  Zinc -oxide,  and  Potash.— 
Obtained  in  the  same  manner  as  the  sulphate  of  cupric  oxide,  magnesia, 
and  ammonia,  (p.  463.)  Pale  blue  crystals,  having  the  form  of  siuphate 
of  mf^nesia  and  ammonia.  (Bette.) 

CrystalUzed :  (KG,  SO^  +  ZnO,  SC  +  6Aq.)  +  (KG,  SG'  +  CuG,  S0»  +  6Aq.) 

Bette. 

2KO    94-4       ....       21-34         21-60 

ZnO    40-0      ....         9-04         8*80 

CuO    40-0      ....         904         8-50 

4SGS  1600      ....      3617        35-66 

12HO 1080      ....       24-41         2544 

442*4       ....     100-00         ZZ       100*00 


Copper  and  Cadmium. 

Allot. — ^Formed  by  fusing  the  two  metals  together. — Light  yellowish- 
white,  very  brittle,  having  a  fine-grained,  scaly  structure.  Contains 
54*29  pts.  copper  to  45*71  cadmium,  which  volatilizes  completely  at  the 
melting  point  of  copper.  Even  a  small  quantity  of  cadmium  renders 
copper  brittle.  (Stromeyer.) 

Copper  and  Tin. 

A.  Alloy  op  Copper  and  Tin. — The  arms  of  the  ancients  were 
sometimes  made  of  Bronze,  an  alloy  formed  of  a  large  quantity  of  copper 
with  a  little  tin. — Obtained  by  fusing  the  two  metals  together,  generally 
in  a  reverberatory  furnace;  if  the  mixture  is  not  stirred,  two  distinct 
strata  are  very  apt  to  form,  containing  very  different  proportions  of  the 
constituent  metals.  The  combination  of  the  metals  in  equal  parts  takes 
place  without  evolution  of  light  and  heat.  (Gehlen.) 

Properties  of  Alloys  of  Copper  and  Tin,  according  to  Mallet  {Dingl,  polyt,  J.  85,  378). 

1  At.  Copper  ^  31-6,  and  1  At.  Tin  =  58-9. 


At.      Per  cent. 

Spec. 

Tena-      MaUea-  Hard 

-  Fusi- 

Cu  Sn        Ca 

Grav. 

Colour. 

Fracture 

.     dty.        bility.     ness. 

biUty 

1  :  0  ...100 

•  ■•• 

8-607  .... 

.•••   m4  w   ....           X         .... 

10 

....  16 

a. 

10  : 

1  ....  84-29 

■  >•• 

8-561  .... 

r.  y. 

f.  gr. 

....   lO  X   ....          «        .... 

8 

....  15 

6. 

9: 

1  ....  82-81 

■  ■•• 

8-462  .... 

r.  y. 

f .  gr. 

••..    10  £   ....          O        .... 

5 

....  14 

c 

8  : 

!  1  ....  81-10 

•  ••■ 

8-459  .... 

y.  r. 

f.  gr. 

17*7             4 

4 

....  l*> 

d. 

7  . 

:  1  ....  78-97 

■  ■«• 

8-728  .... 

y.  r. 

V.  c. 

«•••  .1«)*D  •-••         V        •••• 

3 

....  12 

e. 

6 

!  1  ....  76-29 

■  •■• 

8-750  .... 

pale  r. 

▼. 

....    9-7  ....  brittle  .... 

2 

....  11 

/. 

5 

:  1  ....  72-80 

•  ■•• 

8-575  .... 

pale  r. 

c. 

....    4-9  ....  brittle  .... 

1 

....  10 

9- 

4 

:  1  ....  68-21 

•  •«  • 

8-400  .... 

ash-gr. 

c. 

....    0*7  ....  friable  .... 

6 

» • • •         •^ 

h. 

3  . 

1 

1  1  ....  61-69 

•  •■• 

o'OOw  .... 

dark  gr. 

lam.gr. 

....    0-5  ....  friable .... 

2l 

7 

....    8 

48S 
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At 

Ftaromt 

Spao. 

Tent.      llaUea.    Hatd- Fan- 

Cn  Sn 

Cu 

GriT.        Coloiir. 

Fracture,     city.        biUty.       neaa.  bility 

«.    2:1 

....  51*75  .... 

8*416  ....  grey  w. 

▼•c*     ....  1*7  ....    brittle  ....    9  ....  7 

1;.   1  :1 

....  34*92  .... 

8*056  ....   whiter 

....  lam.gr*  .—  1*4  ....   brittle  ....  11  ....  6 

t     1  :2 

....    «I*1D    .... 

7*387. 

,  V.  gr 3*9  ....   brittle  ....  12  ....  5 

1l».    1   !  S 

....  15*17  .... 

7*447           Btm 

T.  gr 3*1  ....  8,toiigh  ....  IS  ....  4 

II.    1  :4 

•  •..    X 1  9S   .••* 

7-472    ••'   whiter 

.... 

1  T.  lam S*l  ....  6,toiigh  ....  14  ....  3 

0.    1  :5 

..••      V  OO    .*«• 

7*442' 

^  earthy  ....  2*5  ....  7>          ....  15  ....  2 

0  :  1 

•  ■••      V           •••• 

7*291  .... 

•••« 

....  «  7   •«..                      ..«•    AO   «...    X 

For  the  abbieviatioiis  and  the  meaning  of  certain  expressions,  see  the 
observations  following  the  table  on  page  479.— a,  h,  and  c  are  gan-metai; 
d  is  hard  brass  for  pin-makers;  « to  a  is  bell-metal;  k  and  I,  bell-metal 
for  small  bells;  m,  n,  and  o,  speculum-metal.  (Mallet.) 

a.  Copper  alloyed  with  a  very  small  quantity  of  tin  becomes  so  hard 
and  brittle  when  liammered  cold,  that  it  requires  to  be  again  heated  to 
full  redness.  (Karsten.) 

b.  32  pts.  copper  to  1  tin:  resists  the  solvent  action  of  hydrochloric 
acid  much  more  completely  than  pure  copper,  and  is  therefore  adapted 
for  the  sheathing  of  ships.  (Mushet,  PhU.  M(ig,  J.  S,  444.) 

c.  19  pts.  copper  to  1  tin:  Golden  yellow,  hard,  malleable. 

d.  From  8  to  11  pts.  copper  to  1  tm:  yellow  and  slightly  malleable: 
Gunr^metal,  The  best  proportion  appears  to  be  9  pts.  copper  to  i  tin. — 
The  alloy  of  1 1  pts.  copper  to  1  tin  appears  uniform,  after  slow  cooling, 
to  the  unassisted  sight;  but  when  exammed  with  a  lens,  it  appears  to  be 
composed  of  striated  faces  of  a  reddish  alloy  mixed  with  a  white  one.  If 
it  be  more  quickly  solidified  by  pourinff  it  into  thick  iron  moulds,  an 
alloy  is  obtained  which  appears  perfectly  unifonn,  even  nnder  the  lena. 
When  quickly  cooled  in  water  after  continued  strong  igmtion,  it  remains 
uniform;  but  if  suffered  to  cool  slowly  after  continued  ignition,  it  becomee 
variable  in  composition,  like  that  which  has  been  slowly  cooled  after 
fusion.  Hence  the  alloy  which  is  uniform  at  the  melting  heat,  and 
likewise  at  a  strong  red  heat,  separates  into  two  different  alloys  when 
slowly  cooled.  The  large  mass  of  a  cannon  cannot  be  cooled,  even  by 
moulds  which  conduct  heat  well,  suddenly  enough  to  prevent  the 
formation  of  two  distinct  alloys,  whereof  the  one  that  is  richer  in  copper 
solidifies  first,  while  that  which  is  richer  in  tin,  containing  82*3  p.  c 
copper  to  17*7  tin,  partly  rises  to  the  top,  and  partly  sinKS  into  the 
mould.  (Karsten,  Schw,  65,  387.) 

e.  6*25  pts.  copper  to  1  tin:  the  densest  of  all  the  alloys;  its  specific 
gravity  is  8*87.  (Briche.) 

/.  From  4  to  5  pts.  copper  to  1  tin:  Bell-metal.  Yellowish-grey,  and, 
when  very  slowly  cooled  from  a  red  heat,  very  hard,  difficult  to  file, 
sonorous,  brittle,  exhibiting  a  fine-grained  fracture.  When  heated  to 
redness,  and  then  suddenly  cooled  by  immersion  in  water,  it  becomes  soft, 
and  easy  to  file  and  turn,  but  may  be  hardened  again  by  ignition  and  alow 
cooling.  The  Chinese  oymbaLs  called  Oong-gwigB  are  made  of  this  alloy. 
(Darcet,  GUh.  56,  104;  further  Ann.  Chim.  Phya,  54,  331.)  Bell-metal 
becomes  malleable  at  a  temperature  not  far  below  redness.  rWoUastoUy 
Gilb.  56,  106.) — An  alloy  of  4  pts.  copper  and  1  tin  fused  ana  then  very 
slowly  cooled,  exhibits  a  striated  surtaoe,  a  dingy  white,  close  fractare, 
and  is  very  brittle.  When  poured  out  into  cold  iron  moulds,  it  exhibits 
the  same  properties;  but  if  immersed  in  cold  water,  after  being  kept  for 
some  time  at  a  low  red  heat,  it  becomes  yellowish-white  and  extensible. 
During  the  ignition,  if  somewhat  too  strong,  white  globules  of  an  allojr 
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rkdier  in  tin  are  seen  to  ooze  ont^  bat  at  a  kigber  tempeTatnre^  when  the 
wbole  mass  beoomes  liquid,  they  disappear.  Henee  the  alloy  appears  to 
be  resolved  at  a  temperature  below  its  melting  point,  into  two  other 
compounds,  which,  on  slow  cooling,  reunite  and  form  the  brittle  alloy^ 
but  remain  separated  if  the  cooling  be  more  sudden. 

g.  3  pts.  copper  to  1  tin;  reddish-white;  yery  brittle;  sp.  gr.  8*879. 
(Chaadet.)  With  a  small  quantity  of  arsenic  it  forms  a  speculum-metaL 
(Little.) 

h.  2  pts.  copper  to  1  tin:  steel-grey,  very  hard.  Remains  uniform, 
even  after  slow  cooling  from  a  state  of  fusion.  (Karsten.) — 2  parts  copper, 
1  tin,  and  -^  arsenic  form  a  speculum-metal;  so  likewise  do  64  pts, 
copper,  33  tin,  2*5  arsenic,  and  8  brass.  (Little.) 

i.  1  pt.  copper  to  1  tin:  bluish- white  like  sine,  slightly  malleable,  not 
very  hard;  specific  gravity  8*468  (Chaudet),  8*79  (Briche).  Remains 
uniform  after  slow  as  well  as  after  sudden  cooling.  (Karsten.) 

k,  1  pt.  copper  to  2  tin:  white,  brittle.  Uniform,  even  after  slow 
cooling.  (Karsten.) 

I,  1  pt.  copper  to  3  tin:  bluish-white,  exhibits  a  crystalline  aspect  and 
fibrous  texture;  cracks  under  the  hammer.  Specific  gravity  7*813. 
(Chaudet.) 

m.  1  pt.  copper  to  3*6  tln=OuSn^ — ^In  a  tinned  copper  boiler, 
regular  sixHsided  prisms  were  found  to  be  formed,  with  indistinct  cleavage 
parallel  to  p.  (Miller,  PhU,  Mag,  J.  6,  107.^  Yellow-greenish-white; 
shining;  ductile;  of  specific  gravity  7*53;  fusing  at  a  red  heat;  slowly 
attacked  by  dilute,  easily  by  strong  nitric  aoid|  dissolves  rapidly  in  boiling 
hydrochloric  acid.  (Roth,  Fogg.  36,  478.) 

Roth. 

Cu 32      ....      31-3»        21-88 

Sag   118      ....      68-67        77-63 

CttSn*  1*0      ....     100-00        ZZ        99>5I 

n.  1  pt.  copper  to  10  tin:  malleable  to  a  certain  extent^  bat  eiaelu 
under  the  hammer;  specific  eravity  7*472.  (Chaudet.) 

Boiling  hydrochloric  acid  extracts  tin  from  these  alloys,  and  leaves  s 
compound  containing  a  laige  quantity  of  copper  with  a  small  quantity  of 
tin.  (Chaadet,  Ann^  Chim.  Fky$,  7,  375.) 

Ancient  and  other  alloys. 


Sn 

a, 
12 

88 

•  ••9 

•  •i« 

•  ••• 
90** 

b. 

22-02 
77-60 

•••• 

c. 

19-66 
80-27 

.... 

MM 

d. 
26-74 
7300 

•».• 
.•>. 
..•• 
•*•* 

0. 

26-0 

71-0 

1-8 

1-2 

*••* 
*••* 

19-5 

Zn 

Fo 

80*5 

100    ....     99-62    ....    99-93    ....    99*74    ....  100-0    ....  100*0 

a.  Bronze  from  Celtic  vessels,  swords  and  spears.  (Clarke,  Ann»  PhU, 
7,  73.)— 5.  Arrow-head  from  an  Egyptian  tomb. — c.  Cast  coffin  from 
Altai,  on  the  borders  of  China. — a.  Another  coffin.  (Gdbel,  Schw. 
60,  407.) — tf.  Old  bell  at  Rouen,  known  by  the  name  of  Cloche  d^ Argent, 
(Gerardin,  Ann,  Chim.  Phyn.  50,  205.)—/.  Chinese  Qong.  (Thomson, 
Ann.  Phil.  2,  209.) 

B.  Cuprous  Stannate. — The  solution  of  protochloride  of  tin  in 
caustic  potash  forms,  with  cupric  nitrate,  a  yellowish-green  precipitate, 
which,  if  kept  from  contact  with  the  air,  turns  yellow,  and  is  subsequently 

2i2 
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oonrerted  into  fajdrated  cuprous  stftnnate.  This  oomponnd,  wben  ex- 
posed to  the  air,  changes  into  hydrated  capric  oxide  and  hjdrated  staniiic 
oxide  [or  into  cnpric  stannatetj.     (Lejkanf,  J,  pr,  Ckem,  19,  129.) 

C.  CuPRic  Stannatb. — Stannate   of  potash   added  to  cupric  salts 
throws  down  a  green  precipitate,  composed  of  CnO,SnO'-hdAq.  (Moberg.) 

Alloys  which,  besides  copper  and  tin,  likewise  contain  aniimonj, 
bismuth,  or  lino  : 


Hard 

Antique 

Antique 

Bronse 

Pewter. 

Bru8. 

Wire. 

Weapon. 

for  Caetinge. 

«• 

b. 

c. 

d. 

e. 

A 

Zn 

•  •»« 

10-5 

«■•• 

7-50 

•  •■■ 

■••* 

17-2 

....       5-50 

Sn 

\Z    88-50 

•  ••• 

8-0 

•  ••• 

4-78 

•  ■•• 

8-02    .... 

2-9 

....       200 

Cu 

3-54 

•  ••• 

800 

•  ••• 

86*66 

•  ■•■ 

83-76    .... 

78-5 

....     91-25 

Bi 

0-88 

•  •»• 

Aff 

1-06 

••■• 

Pb 

1-4 

....       1-25 

Sb 

708 

•  •  •• 

•  •«  • 

•■•• 

8-22 

10000 

•  ••« 

98-5 

•  ••■ 

100-00 

•  ••• 

10000     .... 

100-0 

....  100*00 

a.  The  better  sort  of  PewUr  (camp.  p.  103),  in  which  100  parts  of  tin 
are  united  with  8  antimony,  4  copper,  and  1  bismuth. — 6  serves  for  tbe 
leaves  with  which  the  superfluous  colour  is  removed  from  the  cylinders 
used  in  calico-printing.  (Berthier.)— c.  Wire  from  a  Livonian  tomb. 
(Qbbel.)— <i?.  From  a  tomb  in  the  ruined  castle  of  Hennebeig.  (Fr.  Jahn, 
Ann.  Fharm.  21,  388.^ — e.  Bronze  for  castings  intended  to  be  gilt. — 
/.  Brouce  for  other  castings.  (Mitscheriich.) 


Copper  and  Lead. 

A.  Allot  of  Coppeb  and  Lead. — Formed  by  fusing  the  two  metals 
together  at  a  strong  red  heat,  and  cooling  rapidly,  to  prevent  separation 
into  two  alloys.  Reddish-grey,  slightly  nuuleable  or  brittle.  Appears 
to  be  a  mixture  of  two  alloys,  one  containing  more  copper  and  fusing  at 
a  higher  temperature,  the  other  more  lead  and  fusing  at  a  lower  tempera- 
ture :  the  latter  flows  out,  when  the  metal  is  gently  heated.  If  the  alloy 
be  heated  with  oil  of  vitriol,  and  the  action  interrupted  at  the  proper 
time,  the  whole  of  the  copper  will  be  attacked,  but  the  lead  will  remain 
unaltered.  (Brault  &  Poggiale,  J.  Fharm,  21,  140.)  Small  quantities  of 
lead  diminish  the  ductility  of  copper,  both  at  ordinary  temperatures  and 
at  a  red  heat.  Copper  containing  even  O'l  per  cent,  of  lead  may  still  be 
used  for  ordinary  purposes,  but  cannot  be  formed  into  thin  leaves  or 
wires ;  that  which  contains  0*3  per  cent,  of  lead  works  better  cold  than 
bot,  as  in  the  latter  case  it  cracks  at  the  edges  immediately.  1  per  cent, 
of  lead  renders  copper  perfectly  useless.  (Karsten.) 

B.  Cuprous  Oxide  with  Lead-oxide.*- Lead-oxide  may  be  made 
to  unite  with  cuprous  oxide  by  fusion.  The  compound  is  also  formed — > 
1.  By  fusing  cupric  oxide  with  a  proportional  quantity  of  lead;  if  the  lead 
is  in  excess,  a  compound  of  lead  with  a  small  quantity  of  copper  is  imme- 
diately formed. — 2.  When  copper  is  fused  with  lead-oxide,  a  quanti^  of 
the  alloy  of  lead  and  copper  being  formed  at  the  same  time ;  part  of  the 
lead,  however,  remains  unreduced,  even  when  the  copper  is  in  very  large 
excess.  Any  silver  that  may  be  present  is  completely  tfJcen  up  by  the 
alloy.     (Karsten^  Schw.  06,  395.) 
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C.  CupRio  Oxide  with  Lead-oxide.— Produoed  in  the  form  of  a 
dark-coloured,  fased  mass  in  the  cupellation  of  cupriferons  silver  with 
lead. 

D.  Sulphide  op  Copper  and  Lead. — a.  1  part  of  galena  heated  to 
whiteness  in  a  charcoal  crncihle  with  1  pt.  of  disnlphide  of  copper,  yields 
a  hlack  radiated  mass,  resembling  disnlphide  of  copper. — h.  One  part  of 
galena  and  3  parts  of  disnlphide  of  copper  form  a  compound  haying  a 
texture  similar  to  that  of  galena  itself.  (Fonrnet.) — e.  Copper  fused  even 
in  great  excess  with  galena,  does  not  abstract  all  the  sulphur,  but  forms 
an  alloy  of  copper  and  lead,  and  a  compound  of  sulphide  of  copper  with 
sulphide  of  lead.  (Karsten.) 

E.  HypomVphite  of  Cupric  Oxide  and  Lead-oxide  9 — Hyposulphite  of 
lead-oxide  and  potash  forms  with  acetate  of  cupric  oxide,  a  light  green 
precipitate,  which  turns  dark  brown  on  exposure  to  the  air,  and,  when 
heated  in  a  retort,  is  resolved  into  water,  sulphurous  acid,  and  a  fused 
residue,  which  afterwards  solidifies  and  presents  a  red  surface.  The 
liquid  from  which  the  precipitate  has  separated,  contains  copper  and 
lead,  and  turns  black  when  heated.  (Rammelsberg,  Pog^,  56,  314.) 

F.  Selenide  op  Copper  and  Lead.  —  a.    4PbSe,CuSe. -- Specific 
gravity,  from  7*4  to  7*5.      Reddish  lead-grey,  yielding  a  greyish-black 
powder.     Decrepitates  strongly  when  heated  in  a  glass  tube,  yielding  ^ 
sublimate  of  selenium,  and  fusing  to  a  brownish-yellow  liquid,  whicb| 
after  longer  heating,  solidifies  in  a  black,  tumefied  mass.     When  heated 
on  charcoal,  it  gives  off  a  brown-red  fume,  with  a  strong  odour  of  seleniuiOf 
and  fuses  to  a  black  slag,  covering  the  charcoal,  first  with  a  metallic 
film,  and  then  with  a  yeUow  film  of  lead-oxide.     With  borax  it  forms  fl* 
pale  green  glass,  and  a  malleable  globule  of  metal  containing  lead.    Witu 
nitric  acid  it  behaves  like  b.  (Kersten,  Fogg.  46,  265.) 


Kenten. 

PromTannglaabaclu 

4Pb  

416 

..•• 

64-20 

63-82 

Cu 

32 

••>. 

4-94 

4-00 

5Se   

200 

.<•• 

30-86 

29-35 

Ag 

!«• 

.... 

0-07 

Fe  and  S  

)•■ 

.«.. 

trace 

Quarts  

)•• 

« t.« 

2-06 

648 

.«■. 

100*00 

99-30 

6.   2ThQe,CuSe.—Selenide   of  Copper  and   Lead,  SeUnkapferblei    o^ 
mineralogists. — From   Tilkerode  :   massive,  of  specific  gravity  7*0,   &X1.0. 
fine-grained  fracture,  tending  sometimes  to  tKe  conchoidal,  sometimes^  "to 
the  even.     Of  a  lighter  lead-grey  colour  and  fainter  lustre  than  selei^^^ 
of  lead;  often  with  a  brass  yeUow  or  violet  tarnish;  yields  a  grey  powd^oxr. 
When  heated  in  a  glass  tube  open  at  both  ends,  it  yields  a  BubUixia.t^  oC 
selenium  and  selenious  acid,  and  fuses  to  a  black  slag  surrounded  ^wVt.la. 
fused  yellowish  oxide  of  lead.   (Zinken,  Fogg.  3,  275.)     Does  not  y\^\a.    ^ 
snblimate  of  selenium  when  lieated  in  a  closed  glass  tube.  (H.  rloae.  ^OSTST- 
3,  290.)     From  Tannenglasbaob.      Cleavage-plane  apparently  pa.r^W^^  ^^ 
the  faces  of  a  cube.     Specific  gravity  from  6-96  to  7  04.      ■F^^^-^r«LVxieA, 
very  much  like  granular  galena,  but  of  a  darker  lead-grey  oolo^ir  •,   ^\^\Ab 
a  greyish-black  powder.      When  heated  in  a  closed  glass  tul>e,    V^.  ^^s^xe- 
pitates  slightly— yields  a  sublimate  of  selenium  (which,  attex  fet^xr^^x^  ^ii<a 
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continued  ignition,  amminta  to  47  per  cent,  tliat  ib  to  eaj,  to  half  the 
quftntity  of  aeleninm  combined  with  the  copper)— swells  np,  nad  fuses  to 
a  transfucent  mass,  which  on  cooling  turns  black,  but  exhibits  a  yellow 
colour  on  the  edges,  solidifies  after  long-continued  ignition,  and  exhibits 
«oppeiHX)loared  specks  on  its  surface.  When  heated  in  an  open  gla^s 
taoe,  it  likewise  emits  a  fiunt  odour  of  enlphnroos  acid,  and  yields  a 
sublimate  of  seleninm,  which  is  afterwards  conTcrted  into  selenions  acid. 
On  charcoal  it  ffives  off  a  brown-red  fume  with  a  strong  odour  of  seleninm 
—-forms  a  shining,  blackish-grey  deposit,  and  afterwards,  nearer  to  the 
heated  snbstance,  a  yellow  deposit — and  leaves  a  black  slag,  copper- 
coloured  in  parts.  In  the  inner  flame,  it  imparts  a  beryl-green  colour  to 
borax,  and  yields  a  grey,  malleable  button  of  metal.  Dissolres  in  cold, 
moderately  strong  nitric  acid,  forming  a  greenish-blue  solution,  and  learing 
a  lesidne  of  selenium.  (Kersten.) 


B^knhifferhUi.  H.  Boae. 

«Pb  808    ....    67-78  ....  69-67   to  67-IS 53-74 

ICu 32    ....      8-89  ....  7*86    „      9-66  8-02 

3Se  120    ....    33-33  ....  2996  30-00 

Fe ....  ....  0-33  Ag  0*05 

FeandPb    ....  ....  0-44  Pc«0»  2-00 


Undecomposed  ore  ....  ....        1-00  S 

Qtiarti      4-50 

360    ....  100-00      Z,      99-26  ZZ        98*31 

c.  PbSe,CuSe.  —  Sdmide  of  Lead  and  Ccp^,  Sdenhlnkupfar  of 
mineralogists.  Found  in  small  fragments.  Specific  gravity  5'Q,  Verj 
soft,  somewhat  malleable.  The  colour  on  a  recent  fracture  is  between 
lead-grey  and  violet,  or  perfectly  violet  (the  violet  pieces  give  off  selenide 
of  mercury  when  heated — H.  Rose).  Behaves  like  b  before  the  blowpipe 
—fuses,  however,  with  still  neater  &cilitv.  (Zinken.)  Does  not  evolve 
selenium  when  heated  in  a  closed  glass  tube.  (H.  Rose.) 


Pb  

Selenkleikufifer. 
104      ....      48-15 
32      ....       14-81 
80      ....      3704 

H.  Rose. 

From  TDkerode. 

47-43    to    50-27 

Ca  

15-45     ..     14-23 

2Se 

Ag  

FbO  and  Fe»OB 

34-26 
1-29 
2-08 

216      ....     100-00        100*51 

When  selenide  of  lead  is  fused  with  diselenide  of  copper  (prepared  by 
strongly  igniting  copper  with  selenium),  a  compound  is  obtained,  which 
fuses  more  readily  than  diselenide  of  copper;  this  compound  is  capable  of 
taking  up  an  additional  quantity  of  selenium,  which  it  does  not  give  off 
when  heated  to  redness  in  dose  vessels.  (H.  Rose.) 

O.  Chrohatb  of  Cupbic  Oxidb  and  Lead-oxidb.— Fati^rtt^Zinittf. — 
Belongs  to  the  oblique  prismatic  system.  Very  small  needles  and  stalao* 
titio  masses.  Specific  gravity  from  6*8  to  7*2.  Harder  than  gypsum. 
Has  an  adamantine  lustre;  is  translucent,  and  of  a  blaokish-greeu  colour 
inclining  to  olive-green,  siskin-green,  and  yellow;  powder  siskin-green. 
On  charcoal  before  the  blowpipe  it  swells  up  slightly,  and  then  fuses  with 
strong  intumescence  to  a  dark  grey  bead,  having  the  metallic  lustre  and 
surrounded  with  small  granules  of  metal.     In  carbonate  of  eoda  on 
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platmnm  wire  it  dissolves  with  efferrescence^  forming  a  olear^  green  glass, 
which  becomes  yellow  and  turbid  on  cooling,  and  colours  water  yellow 
by  giving  up  chromate  of  soda  to  it.  With  carbonate  of  soda  on  char- 
coal, it  sinks  into  the  charcoal,  and  yields  granules  of  lead  hy  levigation. 
When  fused  in  a  small  quantity  with  borax,  it  dissolves  with  intumes- 
cence, and  forms  a  green  glass,  which,  if  subjected  to  the  action  of  the 
inner  flame,  and  then  left  to  cool,  becomes  red,  opaque  red,  or  black, 
according  to  the  quantity  of  the  mineral;  a  large  quantity  of  the  mineral 
forms  a  black  bead  with  borax  immediately.  With  microcosmic  salt  it 
behaves  as  with  borax.  (Berzelins.)  With  nitric  acid  it  forms  a  dark 
green  solution,  and  leaves  a  yellow  residue. 


2PbO  

CuO 

2CrO» 

Vauqwlinite, 
.«..«...•*        224         ....        60-87 

40        ....         10-87 

104        ....         28-26 

Berzelins. 
Trom  Bereaow. 

60-87 

10-80 

28-33 

368 

•  t«a 

10000 

100-00 

H.  Antimoxidb  of  Copper  and  Lbad. — A  sample  of  type-metal,  of 
better  quality  than  ordinary,  was  found  to  contain  50  per  cent,  lead,  22*23 
copper,  27*77  antimony^  and  a  trace  of  iron.  (Lassaigne,  J.  Chim,  M^d. 
18,  73.) 


I.  SuLPHANTiMONiTB  OP  CoppER  AND  Lbad.— a.  ^oumonife.— CrjTS- 
talline  system  the  right  prismatic.  Fiff.  61,  and  a  right  rectangular  prism 
acuminated  with  the  faces  a,  y,  and  i.  Of  specific  gravity  5*7... 5*8,  and 
the  hardness  of  calcspar.  Dark  steel-grey,  yielding  a  black  powder. 
Heated  in  an  open  tube,  it  gives  off  sulphurous  acid  and  a  strong  white 
fume,  part  of  which  settles  on  the  lower  side  of  the  tube  in  the  form  of 
infusible  and  non- volatile  antimonite  of  lead-oxide,  the  rest  on  the  upper 
part  in  the  form  of  volatile  antimonic  oxide.  On  charcoal  it  fuses  and 
emits  a  fume,  and  if  the  heat  be  continued,  solidifies  in  the  form  of  a  black 
bead,  which,  when  subjected  to  the  action  of  a  stronger  blast,  covers  the 
charcoal  with  oxide  of  lead,  and  changes  to  a  slag,  m  which  fluxes  show 
the  presence  of  a  large  quantity  of  copper ;  this  slaff,  after  the  lead  has 
been  extracted  from  it  by  carbonate  of  soda,  may  be  converted  into  a 
button  of  copper.  (Berzelins.)  The  mineral,  treated  with  nitric  acid, 
forms  a  blue  solution,  with  separation  of  sulphur  and  antimonic  oxide. 


H.  Rose.     Smithfon. 

Klaproth. 

Dufrenoy. 

Boumonite.              a.               b. 

c.             d. 

e.           /. 

2Pb 

....  208  ....     41-85  ....     40*84  ....     41-67  .... 

39-0  —  42-50  .... 

38-9  —  40-2 

2Ca 

....     64  ....     12-88  ....     12-65  ....     1333  .... 

13-5  —  11-75    ... 

12-3  —  13-3 

Sb  ... 

129  ....     25*95  ....     26*28  ....     25*00  .... 

28*5  —  19*75  .... 

29-4  —  28-3 

6S  ... 

96  ....     19-32  ....     20-31  ....     20-00  .... 

16-0  —  18*00  .... 

19*4  —  17*8 

Fe  ... 

•••••                     •■••                               •■••                               ••«•                               •••• 

10  —     500 

497  ....  100-00  ....  10008  ....  10000  .... 

98-0  —  97-00  .... 

1000  —  99-6 

2PbS,Cu»S+SbS»j    or   4PbS,SbS*-|-2Cu»S,SbS*;    or   2(3PbS,  SbS») -f- 
3Cu*S,  SbS'. 

a.  From  Pfaffenberg  on  the  Harz; — h.  from  Huel-boys; — c.  from  Corn- 
wall;— d,  from  Klausthal; — e.  from  Alais;— /.  from  Mexico.  The  massive 
Boumonite  from  Freiberg  (Fr.  August),  of  specific  gravity  5*752,  contains 
0  1 22  per  cent,  of  silver,  and  the  crystallized  variety  from  Beihiilfe  near 
Freiberg,  of  specific  gravity  5*600,  contains  0*127  per  cent,  of  silver. 
(Weissenbach^  </.  techn,  Chim,  10,  224.) 
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5.  Antinumial  Capper-glance,  or  Priemaioidal  Copper-glance.'^Crysr' 
talline  sjBtem  the  right  prismatic.  Fig,  61  with  t-  and  t-faoes;  cleavage 
parallel  to  L  Specific  gravity  5*7  (5-782,  SchroUer).  Harder  than 
gypsum.  Blackish  lead-grey,  yielding  a  powder  of  the  same  colour. 
(Mohs.)  Heated  in  a  glass  tube,  it  gives  off  water,  sulphur,  and  sulphide 
of  arsenic,  and  leaves  a  red-brown  slag.  Heated  on  charcoal,  it  effer- 
vesces, deposits  a  yellow  and  white  film,  and  fuses  to  a  lead-grey  metallic 
bead,  which,  after  continued  roasting,  yields  a  button  of  copper  with 
carbonate  of  soda.     (Schrbtter,  Zeitschr.  Fhys,  Math.  8,  284.) 


Anttmonial 

eopper^gUmce, 

Schiotter. 

208 

•••« 
•... 

*9*4«            ••••• 

17-49 

29-90 
17-35 

to 

26*42 

4Cii    ... 

128 

16-33 

OD      •••••«««••••••«•                J  w«r 

•••• 

17-62        16-65 

•f 

16-41 

A«  

75 

•««• 

10-24 

604 

f* 

817 

128 

192 

*••■ 

26-23 

2860 

ft 

28-60 

Fe  

••••«•••• 

#..• 

1-40 

>f 

1-31 

HO 

*•«. 

2-31 

»» 

2-31 

732 

••«« 

10000 

...       102-25 

f> 

99-55 

2PbS,4CuS,SbS>,A8S';  or  2PbS,A8S»+4CuS,SbS»1 

K.  Sulphide  of  Bismuth,  Copper,  and  Lead. — Needle-ore. — Six- 
sided  needles,  with  longitudinal  cleavage.  Specific  gravity  6-12 
(Karsten),  6*757  (Frick).  Soft  and  with  a  mild  lustre.  Steel-grey, 
yielding  a  blackish-grey  powder.  When  heated  in  an  open  tube,  it  yields 
sulphurous  acid  and  a  white  deposit,  fusing  into  clear  drops  aud  partly 
volatile,  and  leaves  a  metallic  granule  surrounded  with  fused  black  oxide, 
which  becomes  transparent  and  greenish-yellow  on  ci'oling.  The  metallic 
globule  gives  a  slight  copper  reaction  with  fluxes,  and  yields  a  granule  of 
copper  after  long  blowing.  Needle-ore  melts  and  fumes  upon  charcoal, 
covering  it  with  a  yellow  deposit,  and  yields  a  metallic  globule  having 
the  appearance  of  bismuth.  (Berzelius.)  Dissolves  in  nitric  acid  with 
separation  of  lead-sulphate  and  a  small  quantity  of  sulphur. 

Needle^ore.  Frick.  John. 

2Pb 208       ....       35-80  35*69  to     3605  ....  24 '32 

2Cu 64       ....       1102  11-79  „      1059  ....  12-10 

Bi    213       ....       36-66  34-62  „      3645  ....  43-20 

6S  96      ....       16-52  1605  „      16-61  ....  1158 

Ct\ •••.....  .,««  ..■•■,..  ff  ....  1   do 

*» •••. yy  ••..  X     •!« 


581       ....     100-00         98-15      „      99-70        ....         94-10 

The  formula  corresponds  to  that  of  Bonmouite  (p.  487),  excepting  that 
Sb  is  replaced  by  Bi. 


L.  Allot  of  Copper,  Lead,  Tin,  and  Zinc. — a  Briiuk  Bell-metal 
contains  56  per  cent,  zinc,  lO'l  tin,  4-3  lead,  and  80-0  copper.  (Thomson, 
Ann.  Phil,  2,  209.) — 6.  Biddery  ware  is  produced  in  India  by  combining 
2  pt8.  tin,  4  lead,  and  16  copper,  and  fusing  3  pts.  of  the  resulting  alloy 
with  16  of  zinc.  (Wilkius,  Ann,  Phil.  2,  471.) 
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Copper  and  Iron. 

A.  Alloy  op  Copper  and  Iron. — Combination.  Between  these  two 
metals  takes  place  with  difficulty. — 100  parts  of  copper  may  be  made  to 
unite  by  fusion  with  any  quantity  of  bar-iron  from  1  part  to  100  and 
upwards.  The  intensity  of  the  copper  colour  increases  till  the  quantities 
of  the  two  metals  become  equal;  but  the  more  the  quantity  of  the  iron 
exceeds  that  of  the  copper,  the  paler  does  the  alloy  become  on  the  fractured 
surface.  The  alloy  of  2  pts.  copper  to  1  iron  has  the  greatest  tenacity;  if 
the  proportion  of  iron  be  increased,  the  hardness  increases  but  the  tenacity 
diminishes,  and  the  fracture  then  becomes  laminar. — From  ores  containing 
the  snlphides  of  iron  and  copper,  the  following  alloys  containing  different 
proportions  of  the  two  metals  may  be  prepared.  One  alloy  of  this  kind 
was  copper-red  on  the  outer  surface,  had  a  pale  uniform  fracture,  and  was 
magnetic.  Another  exhibited  externally  a  copper-red  colour  inclining  to 
grey;  had  a  deep  copper-coloured  and  laminated  fracture;  was  magnetic, 
and  interspersed  with  isolated  granules  of  copper  and  a  few  granules  of 
iron.  A  third  was  iron-coloured,  hard;  had  a  laminar  fracture;  was  strongly 
magnetic;  and  exhibited  isolated  granules  of  copper  and  numerous 
grannies  of  iron.  (Mushet,  Phil.  Mag.  J,  6,  81.) — According  to  former 
statements,  the  alloy  of  copper  and  iron  is  grey,  slightly  extensible,  more 
difficult  to  fuse  than  copper,  and  magnetic  even  when  it  contains  only  yV 
part  of  iron.  The  brittleness  of  iron  at  a  red  heat  appears  sometimes  to 
proceed  from  admixture  of  copper. 

B.  Carbide  of   Copper   and   Iron. — Carbon  interferes   with  the 
combination  of  iron  and  copper.  (Mushet.)     Copper  impairs  the  quality 
of  steel  (Faraday  &  Stodart);    and  in  the  proportion  of  2   per  cent, 
renders  it  brittle  (Bryant). — a.    19  pts.  of  steel  fused  "with  1  part  of 
copper  form  an  alloy  having  a  radiated  crystalline  surface,  liarder  than 
cast-steel,  but  not  available  for  the  ordinary  purposes  of  steel  inasmuch 
as  it  will  not  take  an  edge;  the  presence  of  copper  in  the  alloy  is  aDDarent* 
—ft.  10  pts.  steel  with  1  copper.     Less  crystalline,  bard,  and  brittle* 
exhibits  a  few  isolated  specks  of  copper. — c.  5  pts.  steel  to  1  Gonner. 
Less  intimately  combined,  has  a  granular  fracture,  and  exhibits  a  c^per 
colour  on  the  filed  surface. — d,  3  pts.  steel  to  1  coppep.     po^t  of  th© 
copper  settles  down  below  the  steel,  and  separate  particles  of  coDoer  are 
likewise  seen  on  the  fractured  surface.— White  cast-iron  behaves  with 
copper  in  the  same  manner  as  steel,  but  the  combination  is  less  intimate, 
and  the  quantity  of  copper  taken  up  does  not  exceed  JU;  irrev  caat-irou 
takes  up  still  less.  (Mushet.)  aw^  e»    j 

n   ^'  ^""d^T^  •''''  ^""""nT  ^^^  }^o^~a,  PurvU  Copper,  Variegated. 
Copper,   PMZip«n..- Cubes     and     cubo-octohedrons,    with    indistinct 
cleavage  parallel  to  the  octohedral   faces.     Specific  ^vity  4-9  to   5X. 
Hardness  equal  to  that  of  calcspar.      The  ^^ J     ^    ^|  .eceitly  fra^tureA 
surface  is  fietween    conper-rect    and    plnSel  bxown,  hut  "it   c^uicl^y 
a<jquires  a  particoloured  tamisb:   t>ox»,a  •  .  vi    v— Does  not   «\^« 

glass  tube,  it  yields  a  large  quantity^^,'^*  J*«'  ^^f.  ^^  ^^  «vv\A\t«^. 
feeated  on  charooaJ  before  tie  Wo^f  «^\P^^^o««  Wid.  b^^  ^^^^   ^^^ 

becomes  black,  and  red  on  coolii,    ^^P®.  ^  aequires  » «*      ^^^<^^^   e\o\>vAo 
which  becomes  magnetic  after  sumoi^^^JJ^  -^^^d  ftpV®*^  St*^6\i.-T«A 
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on  the  fractared  surface.  When  roasted  for  a  considerable  time  and  then 
treated  with  a  small  quantity  of  borax^  it  yields  a  button  of  copper;  and 
if  fused  with  carbonate  of  soda  after  the  sulphur  has  been  completely 
expelled,  it  yields  separate  granules  of  copper  and  iron.  After  roast ing, 
it  exhibits  with  finxes  the  reactions  of  cupric  and  ferric  oxide.  (Benelios.) 
When  moistened  with  hydrochloric  acid,  it  colours  the  blowpipe-flame 
blue. 

The  analyses  of  Purple  Copper  lead  to  no  general  formula.  Either 
there  are  different  yarieties  of  rurple  Copper  to  be  distinguished,  or  it 
must  be  supposed  that  there  is  but  one  kind,  probably  Fe,3Cu,3S  (since 
the  crystallized  mineral  exhibits  this  composition),  but  that  this  mineral 
is  altered  in  composition  by  admixture  of  rariable  quantities  of  disulphide 
of  copper,  Copper^pyrites,  &c.  The  analyses  correspond  to  the  following 
calculations: 


At. 

Fe 4 

Cu 11 

S    10 

Quarti 

At. 

P« 2 

Cu 7 

S    6 

Quarts 


I. 


112 
352 
160 


17-95 
56-41 
25-64 


17-36 

5610 

25-81 

012 


At. 
I  . 
3 
3 


IL 


28 
96 
48 


16-28 
55-81 
27-91 


14*84 
56-76 

28-24 


624 


10000 


III. 

56    ....  14-89 

224     ....  59*58 

96    ....  25*53 


99*39  172  ....  100-00 

c.  At  rv. 

14*84  1  ....  28  ....  13*70 

58*20  4  ....  128  ....  62-75 

26-98  3  ....  48  ....  2355 


99-84 

If. 
14-00 
61-07 
23-75 

0-50 


376  ....  100-00 

At.  V. 

Fc 1     ....  28 

Cu 5     ....  160 

S    4     ....  64 

Quarts 

At. 

Fe 1    ....  28 

Ca... 8    ....  256 

S    5     ....  80 


100-02 


204 


100*00 


99-32 


11-11 
63*50 
25*39 


0. 
11*81 
63-34 
24*70 


/ 
11*57 
63*03 
25-06 


9- 
11-53 

62-70 

25-70 

0-03 


252    ....  100*00 


VI. 


7*69 
70*33 
21-98 


99*85 

k. 

7-54 
69-73 
22-65 


99*66 

i. 

7-9 
700 
20-0 


99-96 

k. 
7-13 

70-44 
22-43 


364     ....  100-00 

At. 

Fe    1  ....  28 

Cu    9  ....  288 

8  6  ....  96 

412" 


99-92 


97-9 


100-00 


VII. 


6-8 
69*9 
23-3 


L 

6-41 

71*00 

22*58 


1000 


99-99 


a,  is  massive  Purple  Copper  from  Martanberff  in  Dalame.  (Plattner, 
^099'  47,  351.) — b.  Crystallized,  from  the  Condurra  mine  in  Cornwall. 
(Plattner.) — c.  Cubes  from  a  locality  unknown.  The  difference  between 
this  analysis  and  that  of  6,  is  perhaps  due  to  admixture  of  cupric  oxide. 
(Varrentrapp.) — d.  Purple  Copper  from  Ross  Island.  (Phillips.) — e.  Prom 
Westmanland.  (Hisinger.)— /.  Massive,  from  the  Woitzki  mine  on  the 
shores  of  the  White  Sea. — g.  Prom  Bristol  in  Connecticut.  (Bodemann.S 
—A.  Massive,  from  Eisleben.  (Plattner.)—!.  From  Nadaud.  (Berthier.) 
i— *.  Prom  Montecastelli.  (Berthier.) — I.  Massive,  from  SMigershaosen. 
(Pkttner.)  ^ 
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From  the  above  caloulations  I.  to  VI.  two  sets  of  formnlsa  may  be 
deduced,  accordingly  as  we  suppose  the  Purple  Copper  to  contain  FeS^  or 
as  Plattner  prefers,  Fe*S'. 

Calculation  I.  gives :  4FeS,  CuS  +  ^Cu^S.  To  make  the  second 
formula  applicable  in  this  case^  Plattner  supposes  that  the  ore  contains 
FeS  as  well  as  Fe'^S'. 

Calculation  II.  gives  FeS,CuS+Cu»S;  or,  Fe»S»+3Cu«S. 

Calculation  III.  2FeS,CuS-|-3Cu'S;  the  second  formula  is  inapplicable. 

Calculation  IV.  FeS-|-2Cu*S;  the  second  formula  is  inapplicable. 

CalcuUtion  V.  FeS,CuS-h2Cu'S,  or  Fe*S'-i-5Cu^. 

Calculation  VI.  FeS  +  4Cu'S,  the  second  formula  is  inapplicable. 

Calculation  VII.  FeS,  CuS  +  4Cu«S,  or  Fe^»  +  9Cu»S. 
Since  the  supposition  that  the  nrineral  contains  FeS,  produces  the  best 
accordance  between  the  calculated  and  analytical  results,  we  may  fairly 
give  it  the  preference. 

Purple  copper  heated  in  a  cnrrent  of  hydrogen  suffers  some  loss  of 
weight;  viz.,  a,  from  2-19  to  2*59  per  cent.;  /,  2-06  to  266;  h,  0*86  to 
1*03;  and  I,  1*0  to  1*1  per  cent.  This  loss  proceeds  partly  from  sulphur, 
Fe'S'  bein^  converted  mto  FeS  [or  2CuS  into  Cu*S],  partly  from  oxygen 
contained  in  oxide  of  copper  accidentally  present,  in  which  case,  particles 
of  reduced  copper  are  found  after  treating  the  mineral  with  hydrogen  gas. 
(Plattner.) 

6.  Copper-pyrites. — Crystalline  system  the  square  prismatic.  Primary 
form,  Fig.  23;  e  :e'=109"  54';  e  :  6^=108°  40';  Fig.  24,  irregular  tetra- 
hedrons  produced  by  obliteration  of  the  four  alternate  feuses  of  Fig.  23. 
Acute  octohedron,  Fig  21,  ^  :  6''=:126°  11',  and  other  forms.  Specific 
gravity  4*16.  Of  the  hardness  of  fluorspar.  Does  not  give  sparks  with 
steel.  Brass-yellow,  often  with  a  variegated  tarnish;  yields  a  greenish- 
black  powder.  —  Before  the  blowpipe,  it  behaves  like  purple  copper. 
(Berzelius.)  Dissolves  in  aqua-regia  with  separation  of  sulphur,  less 
readily  in  nitric  acid. — When  heated  to  redness  in  a  charcoal  crucible  it 
gives  off  9  per  cent,  of  sulphur.  (Berthier.) 

100  parts  of  copper-pyrites  ignited  with  50  parts  of  litharge,  fuse 
with  intumescence  and  separation  of  6  parts  of  ductile  lead,  into  a  pastV 
mass  which  solidifies  to  a  brown  glassy  slag  on  oooling.— -With  100  parts 
of  litharge,  the  mass  boils  up,  yields  35  parts  of  lead,  11*5  of  a^reV 
substance,  and  a  glassy  sla^  on  the  top  of  all. — With  200  pts.  litharge^ 
49  pts.  lead,  a  small  quantity  of  grey  matter  upon  that,  and  a  translucent* 
dark  brown-red  slag  as  the  uppermost  stratum. — ^Witb  300  nts  litharg©' 
The  mass  fuses  readily,  almost  without  ebullition,  yieldix^g  72  parts  of 
lead  and  a  dense,  shining,  li^jht  grey  slag.     Hence,  In  the  separation  of 
gold  from  aunferons  pyrites,  it  is  necessary  to  use  about  tliree  times  the 
weight  of  litharge,  m  order  to  ensure  the  complete  formation  of  the  slftg- 
(Berthier,  Ann.  Chtm.  Phy$.  39,  256.) 

Cm^'Pyrit^B.              a.     '       ^"   ft.  ^    Phillips.  Hartwall. 

Fe 28  ....  30-44     ....  3047     ....     30-00  ....     ^o-ift             oiTio  ao'oS 

Cu 32  ....  34-78     ....  34-40     ....     33-12  tn^^       "     ^^^1  ""     M'^O 

2S 32....  34-78     ....  35-87     ....     SUI  ""     f^^l     -     »^!?.  •'"     Ift-t^ 

Matrix          0-27     ....       til  "''     ^a.l^     •"    ^t'ta  **■     ^'^^ 

and  loss)  ""  '*"  ....        2*14  2*^^ 


92  ....loow  ....  10101  ....  lo^^^rm^^r^rrw^^^ :••  ^""^""^ 
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Berthier. 


/.  g.  A.                t.  *. 

Fe  29-2  ....  31-5  ....  30*0  ....  322  ....  32"0    ....     32*3     ....      33-« 

Cu 32-6  ....  32-1  ....  33-3  ....  31-2  ....  34-0     ....     30*2     ....     30-5 

S     32*0  ....  36*3  ....  32-0  ....  33*6  ....  30*8     ....    37*0     ....     S5-0 

Matrix   ....       3*2  ....  ....  2*6  ....       1*6  ....  2-0 

97-0     ....     99-9    ....     97-9    ....  •98-6    ....  *98-8     ....     995     ....     98-5 

0.  Crystallized  oopper-pyrites  from  Ramberg  in  Sajnia. — 6.  Crjstallixed 
copper-pyrites  from  Fiirstenberg.  The  crystallized  oopper-j^rriies  from 
Freiberg  has  the  same  composition.  {Gw>.  1%  185.) — c.  Ciystallixed 
copper-pyrites. — d.  Botryoidal  copper-pyrites. — e.  Copper-pyrites  from 
Ornjarfvi.— /.  Massire  copper-pyrites  from  Allagne. — ^.  from  AUevard. 
—  A.  From  Saxony.  —  i.  Of  unknown  origin.  —  h.  From  Combelles. — 

1.  From  Sainbel. — m.  From  Baigorry. 

The  formula  of   copper-pyntes  is  either  FeS^CuS,  or  Fe^^Cn^. 
H.  Rose  gives  the  preference  to  the  latter. 

D.  Ferroso-cupric  Sulpha.te. — Gh'een-vitriol  ixmtaining  copper. — 
Known  in  commerce  by  the  names  of  Eagle^  DatibU  Eagle,  AdnunU, 
Salzburg,  and  Baireuik  Vitriol,  It  is  sometimes  formed  by  dissolying 
copper  in  the  solution  of  green  vitriol  obtained  by  the  weathering  of  white 
iron-pyrites,  the  ferrous  oxide  contained  in  the  solution  taking  up  oxygen 
from  tne  air,  and  transferring  it  to  the  copper.  The  crystals  of  this  salt 
have  the  form  of  green  vitriol  when  they  contain  9  per  cent,  of  that 
compound,  and  the  form  of  blue  vitriol  when  they  contain  less  than  9  per 
cent,  of  the  iron-salt.  (Beudant.)  Those  crystals  which  have  the  form  of 
green  vitriol  contain  7  atoms  of  water.  (Mitscherlich.)  Their  colour 
inclines  to  green  or  blue,  in  proportion  as  the  iron  or  the  copper  predomi> 
nates  in  their  composition. 

For  analyses  of  commercial  cnpriferous  green  yitriol.  {Vid,  Ficinns^  Kast%,  Arch. 
10,  481;  Heeren,  J,pr,  Chem,  11,  378.) 

E.     SULPHANTIMONTTE     OF    COPPEB     AlfD      IrON.  —  Foki-Wre,    Grep 

Copper, — The  antimony  is  partly  replaced  by  arsenic  in  Light  Grey 
Copper,  completely  in  Tennantite;  part  of  the  iron  is  also  replaced  by  zinc, 
and  in  Quicksilver  FcJil^re  by  mercury.  In  Silver  FahZ-'Ore  part  of  the 
iron  is  replaced  by  silver. — The  mineral  belongs  to  the  regular  system  of 
crystallization,  Itgs,  2,  13,  14,  15,  16,  and  other  forms.  Cleavage  indis- 
tinct parallel  to  the  tetrahedral  hxea.     Harder  than  calcspor. 

a,  Tennantite. — (Containing  arsenic,  but  no  antimony.)  Figs,  2,  3,  4, 
6,  8,  and  13.  Specific  gravity  4*375.  Lead-grey  inclinmg  to  iron-black. 
Before  the  blowpipe  it  decrepitates,  bums  with  a  blue  flame  and  arsenical 
fume,  and  fuses  to  a  magnetic  slag. 


At 

Kudematsch. 

Phillips.     Hemming. 

Fe    

1 

28 

371 

3-57 

•  ■«• 

9-26 

....     14-2 

Ag  

trace 

Cu  

.  3  +  8 

352 

46-68 

48-94 

•  ■  ■• 

45-32 

....     48-4 

As    

2 

150 

19-90 

19-10 

•  ••• 

11-84 

....     11-5 

S 

.     14 

224 

2971 

27-76 

•  ••• 

28-74 

....     21-8 

Quartz .. 

008 

««•■ 

5-00 

...       50 

754 

10000 

99-45 

•  ••• 

10016 

....  100-9 

(FeS  +  3CuS)  +  4Cu«S  +  2A«S»  =  4  [  JFe,  JCu)S] ,  AaS»  +  4Cu«S,  AsS*. 

Weissenbach  found  in  Tennantite  from  Cornwall,  0*017  per  cent,  of  silver 
and  43-8  of  copper. 
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/3.  Light  Grey  Copper. — (Containing  a  large  quantity  of  arsenic  in 
addition  to  antimony.)  Specific  gravity  about  4*5  or  4*7.  Steel-grey 
inclining  to  lead-grey;  yields  a  black  powder. 


H.Rose. 

H.  Rose. 

At. 

a. 

At. 

b. 

Zn    .... 

5 

160  ....     3-34 

3-69 

4 

....    128....     2-58 

....    2-76 

Fe    .... 

8 

224  ...r   4-68 

....«    4-66 

8 

....    224....     4-51 

....     4-89 

Ag   .... 

•  ••• 

0-60 

1 

....    108....     217 

....     2-37 

Cu   .... 

11  +  48 

1888  ....  39-45 

40-60 

11  +  48 

....  1888 ....  37-99 

....  38-63 

Sb    .... 

5 

645  ....  13-48 

12-46 

7 

....    903....  1817 

....  16-52 

As    .... 

7 

525  ....  10-97 

10-19 

5 

....    375....     7-54 

....     7-21 

S 

84 

1344  ....  28-08 

26-83 

84 

....  1344  ....  27-04 

....  26-33 

Quart2 

•  >  •• 

0-41 

4786  ....10000 

99-44 

4970  ...  10000 

....  98-71 

a.  From  Markirchen  in  Alsace=(5ZnS,SFeS,llCuS)-f  24Cu»S-f 
(5SbS>,  TAsS')  =  4[(^Zn,,8j.Fe,|iCu)Sl  +  (|Sb,iA8)S»-f  4Cu»S,A8S'.-. 
h.  From  Gersdorf  near  Freiberg=(4ZnS,8FeS,lAgS,llCuS)-f  24Cu*S  + 
(7SbS»,5AsS3)=4[^Zn,^VFe,  ^Ag,  |iCu)SblS^-f  4Cu'SQSb,iAs),Sl— 
According  to  Weissenbach,  6  has  a  density  of  4*722,  and  contains  1'77 
per  cent,  of  silver  and  38*5  of  copper. 

y.  Dark  Grey  Copper. — (Containing  little  or  no  arsenic  associated  with 
the  antimony.)     Specific  gravity  4*7  to  4*9.     Colour  iron-black  inclining 
to  steel-grey.     When  rich  in  zinc,  it  yields  a  dark  red  powder;  e.  g., 
a,  6,  c, 

H.Rose. 
At.  a.  At. 

Zn   ....      6      ....    192  ....     5*64     ....       6-85         10      ....    320  ....     6*90 

Fe    ....      2      ....      56  ....     1*65     ....       1*52  1      ....      28  ....    0*60 

Aff   ....  ....  0-83 

Cu  ....  8  +  32  ....  1280  ....  37-62    ....    38-42      11+44  ....  1760  !!!!  38-05 

Sb    ....      7      ....    903  ....  26-55     ....     2527  9      ....  1161  ....  24*96 

As    ....      1      ....      75  ....     2-20     ....       2-26  2      ....    150  ....     3*22 

8 56     ....    896  ....  26-34     ....     25-03  77      ....  1232  ....  26*27 

3402  ....10000     ....  100*18  4651  ....lOO'OO  ....  99*^^ 

H.  Rose. 

At.  c. 

Zn 5  ....  160  ....  6-00  ....  5*55 

Fe  2  ....  56  ....  2-10  ....  2*27 

Ag 1  ....  108  ....  4-05  ....  4-97 

Cu 4  +  24  ....  896  ....  33-61  ....  34-48 

Sb 6  ....  774  ....  29-03  ....  28*24 

S    42  ....  672  ....  25*21  ....  24*73 


2666     ....  100*00       ....     100*24 

a.  From  the  Aurora  at  Dillenburg;  sp.  gr.  4*846;  contains  0*56  silre)^ 
38*5  copper. 

(6ZiiS,  2FeS,  8CuS)  + 1 6Cu2S  +  (7SbS»,  AbS")  = 
4  [ft  Zn,  iljFe,  ft Cu^S] ,  SbS»  +  4Cu«S(JSb,  iA8)S». 

h.  From  Kapnik  in  Hungary;  sp.  gr.  4*75;  contains  1*01  per  cent.  Bi 
and  37*6  copper.  (Weissenbach.) 

(lOZnS,  FeS,  llCuS)  +  22Cu2S  +  (9SbS3,2AsS')  = 
4[«Zn,  AFe,  HCu)S],  SbS^  +  4Cu3S,  ({<,Sb,  AA8)S». 

c.  From  Zilla  near  Clausthal : 

(5ZnS,2FeS,  1  AgS,4CuS)  +  12Cu2S  +  eSbS'  s 
4[/,Zn,  ftFe,  ^kg,  ACu)S],  SbS?  +  4Cu=S,  SbS». 
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Biomeif.  Smder. 

At.  d,  AL                                          e. 

Zn  1    ....    32  ....  3*70  ....  5'02 

Fe    1    ....    28  ....  3*25  ....  4-42  2  ....     56  ....     4*10     ....       4*5 

Ag  ....  1*09  1  ....  108  ....     7-90     ....       8-9 

Cu  2  +  8  ....  820  ....  3713  ....  37-11  3+12....  480  ....  3511     ....     357 

Sb    2    ....  258  ....  29-93  ....  2597  3  ....  387  ....  28-31     ....     268 

S U    ....  224  ....  25-99  ....  2376^  21  ....  336  ....  24*58     ....     24-1 

Undeooxnpoted  ....  ....  ....      0-47 

862    ..100-00    ....    98-38  1367  ....100-00     ....  100-9 

d,  Mafifiive  Fabl-ore  from  Dnrango  In  Mexico: 

(lZiiS4FeS,2CaS)  +  4Ca'S  +  2SbS'  <-  4[iZn,iFe,}C«)S],SbS*  +  4Cii^,S1>S3. 

e.  Ciystallized,  from  CUostlial: 

(tZiiS,lFfS3CiiS)  +  12C«*S  +  3SbS>  a  4  [iZa,  ^Fe,  )C«)8],SbSP + 4Cii^,Sba». 

i.  Silver  Fahl'Ore, — (Dark  grey  copper  rich  in  silrer.) — a.  Tbe 
GrattgiUigerz  of  Wolfach  forms  dodecabedronB  with  tetrahedral  and  cabe- 
hices,  and  of  specific  gravity  5*007.  (Weissenbach.)— -6.  The  so-called 
Crystallized  Weissgilligerz  from  Freiberg  occars  in  tetrahedrons  and  yields 
a  black  powder.  (H.  Rose.) 


At.  H.  Row. 

Zn   3  ....  96  ....  3-24  ....  3-10 

Fe    4  ....  112  ....  3-78  ....  3*72  ....  700 

Ag  5  ....  540  «..  18-23  ....  17-71  ....  1325 

Cu   24  ....  768  ....  25-93  ....  25-23  ....  25-50 

Sb    6  ^.  77 A  ....  26-14  ....  26-63  ....  2700 

S 42  ....  672  ....  22-68  ....  2352  ....  25-50 

2962    ....  100-00        Z        99-91        Z        98*25 

At.  H.  Rose. 

Zn  2  ....  64  ....  1-45  ....  0-99 

Fc    12  ....  336  ....  7-63  ....  5-98 

Ag  2+11  ....  1404  ....  31-88  ....  3129 

Cu 21  ....  672  ....  15-25  ....  1481 

Sb    8  ....  1032  ....  23-43  ....  24-63 

S 56  ....  896  ....  20-36  ....  21-17 

4404      ....     100-00        Z        98-87 
(rraxigiltigen : 

(3ZnS,4FeS,6AgS)+12Cu«S+e8b8^  =  4[(x\Zii,  AFe,AAg)8]SbS»+Cu*S,SbS». 
WeissgiUigerz: 

(2ZiiS,  19F68,2AgS) +(61Ag3S^  lOiCi^)  +  laSbGP  « 

4[(AZn,4|Fe,^%Ag)S],SbfiP+4[(UAg«,HCn«)8lSbS'. 

It  is  here  assumed  that  the  greater  part  of  the  silver  contained  in 
Weissgiltigerz  is  in  the  state,  not  of  protosulphide  of  silver^  AgS,  but  of 
disnlphide,  Ag*S,  and  replaces  part  of  the  copper,  {vid.  inf.) 

•     

With  respect  to  another  variety  of  Weiatgiltigerz,  which  does  not  appear  to  belong 
to  Fahlore,  rirf.  Weissenbach  (/.  teehn,  Chem,  10,  215),  and  with  respect  to  different 
varieties  of  White  Copper-ore,  vid.  Breithaupt,  Pogg.  58,  281 ;  59,  325). 

f.  Quicksilver  Fahl-ore, — (Dark  grey  copper,  containing  mercnry.) — 
a.  From  Val  di  Castello.     Massive,  of  specific  gravity  5-092,  iron-black; 
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yields  a  dark  red-brown  powder.  When  heated  alone  in  a  glafis  flask^  it 
3rieldfl  a  small  quantity  of  a  red-brown  sublimate,  but  with  carbonate  of 
soda  it  gives  off  mercury.  Heated  in  an  open  glass  tube,  it  evolves 
sulphurous  acid  and  antimonic  oxide.  On  charcoal  it  fuses  readily, 
depositing  an  areola  of  zinc-oxide  near  the  assay,  and  of  antimonic  oxiae 
at  a  ^eater  distance.  Completely  decomposed  by  aqua-regia  and  like- 
wise by  nitric  acid,  though  less  quipkly.  (Kersten,  rogg.  59,131.) — 6.  From 
Kutterbach  near  Iglo.  (H.  Rose  &  Scheidthauer,  Togg*  58,  161.) 


Kersten. 

ScKeidl. 

At. 

a. 

At. 

h. 

hauer. 

Zn  .... 

6 

192  .... 

5-45 

6*05 

1 

32  .... 

0-66 

•a»« 

101 

Fe    ..,. 

S 

84  .... 

2-39 

1-89 

8 

224  .... 

4-63 

*••• 

4-90 

Hg  .... 

1 

100  .... 

2*84 

2-70 

4 

400  .... 

8*26 

•  ■•• 

7-52 

Ag  .... 

0-33 

•  ••• 

trace 

Cu  .... 

6  +  32 

1216  "" 

84-55 

35-80 

9  +  44 

1696  "Z 

3503 

■  >•• 

35-90 

Sb   .... 

8 

1032  .... 

29*32 

27-47 

8 

1032  .... 

21-32 

«••• 

18*48 

As   .... 

3 

225  .... 

4-65 

•  ••• 

3*98 

•9 

56 

896  Z. 

25*45 

24-17 

77 

1232  .... 

25-45 

4>*« 

23*34 

Pb   .... 

■  •«• 

trace 

Quarts 

*•■■ 

2-73 

3520  ....10000  ....  98-41  4841  ...  10000     ....     97*86 

a.  =  (6Zii8,3FeS,lHgB,6ChiS)+16Cu'S+8SbS> 
=  4[(y%Zn,T%Fe,T',Hg,j-,Ca)8],8bS»+4Cu^,8bS8. 

I,  =  (lZiiS,8Fe8,4Hge,9CuS)+22CQ'S+88b8>+3A883 

=  4[(AZn,  AFe,  AHg,  ACu)8],  SbS? + 4Cu%  (x*i8b,  A  A8)S». 

In  the  preceding  calculation  of  the  sereral  yarieties  of  Fahl-ore,  the 
following  general  formula  has  been  assumed  as  the  foundation: 

4M8,Ra^+4M^fia^. 

MS  denotes  the  protosulphides  of  sine,  iron,  mercury,  silver,  and  copper; 
M'S,  disulphide  of  copper  and  sometimes  also  disulphide  of  silver  (a 
compound  not  known  in  the  separate  state,  but  analogous  to  the  dioxide 
of  silver  and  therefore  possible).  RS'  is  tersulphide  of  arsenic  or  anti- 
mony. Almost  all  the  calculations  correspond  very  nearly  to  the 
analytical  results,  excepting  that  the  analyses  generally  show  a  deficiency 
of  sulphur,  arsenic,  and  antimony,-^these  substances,  in  Rose's  method  of 
analysis,  havine  been  converted,  by  treating  the  mineral  with  chlorine, 
into  volatile  dilorine  compounds,  which  it  was  difficalt  to  condense 
completely. 

H.  Rose,  to  whose  admirable  investigations  we  are  primarily  indebted 
for  the  more  exact  knowledge  of  the  sto'ichiometrical  composition  of  Fahl* 
ore,  assigns  to  it  the  formala: 

4M8,RS^+2(4M8«,RS^ 

This  formula,  however,  is  not  so  simple  as  the  preceding;  moreover,  in  the 
case  of  Silver  Fahl-ore,  it  requires  that  the  atomic  weight  of  silver  be 
reduced  from  108  to  54,  and  consequently,  that  the  compound  hitherto 
regarded  as  protosulphide  of  silver,  AgS,  be  considered  as  a  disulphide, 
Ag*S,  so  that  in  the  second  term  of  the  formula^  2(4M*S,RS*)  it  may  be 
able  to  take  the  place  of  the  deficient  Cu*S.  Since,  however,  silver-oxide 
is  isomorphous  with  potash  and  soda  (I.  88),  this  halving  must  likewise 
be  extended  to  the  atoms  of  potassium  and  sodium,  a  change  which  would 
considerably  complicate  the  formules  of  their  compounds. 
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F.  Allot  of  Copper,  Ibon,  and  Zinc.  ^80  pts.  zinc,  1  pt  copper,  and 
1  pt  cast-iron  from  Sorel's  White  Br<u9,     This  alloy  has  the  aspect  and 
fracture  of  ordinary  zinc;  is  as  hard  as  copper  and  tougher  than  caat-iroo; 
niay  be  turned,  filed,  and  bored;  and  does  not  rust  even  in  damp  situationa 
(Berthier,  Pogg.  52,  344.) 

G.  SuLPHosTANNATB  OF   Iron  AND  CoPFER.^Tin-pyrite8. — Specific 
mvity  from  4*35  to  4*454;  harder  than  calcspar;  steel-grey  inclining  to 
Brass-yellow;  yields  a  black  powder. — When  strongly  ignited  npon  char- 
coal, it  fuses,  with  evolution  of  sulphurous  acid  and  formation  of  white 
stannic  oxide,   which  covers  the  assay  and  the  parts  of  the   charcoal 
nearest  to  it,  and  cannot  be  removed  by  continuing  the  blast.     After  long 
roasting  on  the  charcoal,  it  yields  a  brittle  metallic  globule,  which  colonrB 
fluxes  like  iron  and  copper.     When  fused,  after  continued  roasting,  with 
a  mixture  of  carbonate  of  soda  and  borax,  it  yields  a  hard,  pale  red, 
somewhat  brittle  globule  of  metal.  (Berzelins.)     Nitric  acid  dL»olves  it 
readily,  forming  a  blue  solution  and  separating  stannic  oxide  and  sulphnr. 

Tin-pyriie$  from  Cornwall: 

At.  Kudcnuttich.      Klaproth.       Johnstoo. 

Fe 2  ....  56  ....  13'02  ....  1244  ....  120  ....  4- 79 

Cn 4  ....  128  ....  2977  ....  2939  ....  30*0  ....  23-55 

Sn 2  ....  118  ....  27-44  ....  25*55  ....  26-5  ....  31-62 

8    8  ....  128  ....  29-77  ....  29-64  ....  30-5  ....  29-93 

Matrix  ....  ....  ....  1*02 

430    ....  100-00        ....        99-81       ....      990      ....     100-00 

2FeS,SnS*  +  2Cu*S,SnS*.— According  to  Weissenbach,  the  Cornish  Tin- 
pyrites  contains  0*02  per  cent,  of  silver  and  28  per  cent,  of  copper;  that 
from  Zinnwald,  0*017  p.  c.  silver  and  24*6  p.  c.  copper. 


CoppBB  AMD  Cobalt. 

CoBALTOso-cupRic  SuLPHATE. — LoBg,  oblique  rhombic  prisms,  like 
those  of  green  vitriol,  and  with  very  nearly  the  same  angles.  [Green 
vitriol,  however,  contains  but  7  atoms  of  water,  and  this  salt  contains 
10  atoms.]  Dark  bottle-green  by  reflected,  but  rose-red  by  transmitted 
light;  has  an  astringent  metallic  taste,  and  is  easily  soluble  in  water. 
(Liebig,  Schw.  47,  495.) 

CrytiaUixed.  iid»g. 

2CoO 75  ....  14-85  1482 

CuO   40  ....  7-92  7*50 

3S0«  120  ....  23*76  23*43 

30HO 270  ....  53*47  53*01 

2(CuO,SO»+10Aq.)  +  CuO,SO»+10Aq.    505       ....     100*00         98*76 

According  to  Mitscherlich,  this  salt,  when  it  contains  an  excess  of  cobalt- 
eulphate,  has  the  form  of  green-vitriol  and  contains  7  atoms  of  water. 
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Copper  and  Nickel. 

A.  Alloy  op  Nickel  and  Copper. — Very  extensible;  colour  in- 
clining to  white  in  proportion  to  the  quantity  of  nickel.  According  to 
Oeitner,  it  tarnishes  by  exposure  to  the  air  more  quickly  than  German 
silver. — A  small  quantity  of  copper  destroys  the  magnetic  power  of 
nickel,  but  the  smallest  addition  of  iron  restores  it.  (Erdmann^  Schw, 
48,  138.) 

10  pt8.  copper  to  1  nickel:  pale  copper -red,  perfectly  ductile. — 10  pts. 
copper  to  2  nickel:  reddish- white. — 10  pts.  copper  to  3  nickel:  almost 
white. — 10  pts.  copper  to  4  nickel:  perfectly  white;  on  the  touchstone,  it 
exhibits  the  whiteness  of  silver.  (Frick,  Schw,  48,  141.) 

Old  slags  from  disused  mines  at  Suhl  contain  white  granules  of  metal, 
which  are  now  extracted  and  sent  into  the  market  as  SvMian  Nickelrsilver 
(SvJUer  Weisskupfer),  According  to  Brandos  (Schw,  39,  17),  the  alloy 
thus  obtained  is  composed  of  8'75  nickel,  88  copper,  0*75  sulphur  and 
antimony,  and  I  '75  iron,  silica  and  alumina. 

B.  NicooLO-cupRic  Sulphate.  —  When  the  proportion  of  cupric 
sulphate  is  comparatively  small,  the  crystals  of  this  salt  have  the  form  of 
green  vitriol  and  contain  7  atoms  of  water;  with  a  larger  quantity  of 
cupric  sulphate,  they  have  the  form  of  the  latter,  and  contain  5  atoms  of 
water.  (Mitscherlich.)  —  The  crystals  examined  by  Brewster  &  Fyfe 
{Schw,  33,  345),  contained  39'5  nickel-oxide,  5*3  cupric  oxide,  25*5 
sulphuric  acid,  and  29*7  water. — Brooke  {Ann,  Phil.  23,  117)  obtained 
oblique  prismatic  crystals,  having  the  form  of  Fig,  83,  but  without  the 
«-faces;  i  :  tt  or  w' =  100M5';  t:/=117°30';  tt' :  tt'=  83°  30'.  The 
aqueous  solution  of  these  crystals  yielded  on  evaporation  and  cooling, 
first  crystals  of  blue  vitriol,  and  then  of  the  double  salt,  together  with 
crystals  of  rhombic  nickel-sulphate. 

C.  Sulphate  of  Cupric  Oxide,  Nickel-oxidb,  and  Potash. — 
Separates  from  the  mixed  solution  of  cuprico-potassic  sulphate,  and 
niccolo-potassic  sulphate,  in  prisms  similar  to  those  of  the  ammonio- 
magnesian  sulphate.  They  are  pale  green,  permanent  in  the  air,  give  off 
water  and  assume  a  dingy  yellow  colour  when  heated,  and  dissolve  in 
4  parts  of  water  but  not  in  alcohol.  (Bette,  Ann,  Pharm,  14,  279.) 

(KO,  S0»  +  NiO,  SO»  +  6Aq.)  +  (KO,  SO*  +  CuO,  SO»  +  6Aq.) 

Betie. 

2KO    94-4       ...       21-46         19-60 

NiO     37-5       ....         8-52         8*70 

CuO    40-0       ....         9-09         8-75 

4S03    1600       ....       36-38         35-82 

12HO 108-0       ....       24-55         26*25 

439*9       Z     10000         m         99*12 

D.  Alloy  of  Copper,  Nickel,  akd  Zinc. — Nickel-silver,  German 
Silver,  White  Copper,  Packfong  (or  properly  P(ukl(yng,  i.  e  .white  copper, 
according  to  Schott),  Weisskupfer,  NeusUher,  ArgevUan,  MaiUechort. 

The  copper  and  nickel  are  first  melted  together  in  a  crucible,  and  the 
zinc  then  added  in  pieces  previously  heated.     Or  the  three  metals,  in  a 
state  of  fine  division,  are  mixed  together  in  a  crucible,  copper  being  placed 
at  top  and  at  bottom — the  whole  covered  with  charcoal-powder,  and  fnscsd 
vol.  v.  2  k 
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in  an  air  furnace  with  a  strong  dran^ht,  the  mixture  being  etirred  all  the 
while,  to  ensure  the  complete  solution  of  the  difficultly  fusible   nickeL 
The  longer  and  the  more  completely  the  mixture  is  fused,   the    more 
ductile  does  it  become:  part  of  the  zinc  bums  away.  (Gersdorff^  I^o<^, 
8,  103.) 

Froportians  of  the  materials. — a.    2  pts.  copper,  1  nickel,   1     zinc; 
series  for  spoons  and  forks. — b.  5  pts.  copper,  2  nickel,  2  zino;  bas  the 
colour  of  silver  alloyed  with  ^  pt.  copper;  serves  for  knife  and   fork 
handles,  snuffers,  &c. — c.  3  pts.  copper,  1  nickel,  1  zinc;  this  proportion 
gives  the  best  alloy  for  roUing.     The  addition  of  3  parts  of  lead  to  100 
pts.  of  the  mixture  a,  or  of  2  pts.  lead  to  100  parts  of  the  mixta  re  b, 
yields  an  alloy  adapted  for  cast  articles,  snob  as  candlesticks,  spurs,  and 
bells.     The  additions  of  2*5  pts.  of  iron  or  steel  to  100  parts  of  alloy 
renders  it  much  whiter,  but  likewise  harder  and  more  brittle;  the  iron 
must  be  previously  fused  with  a  portion  of  the  copper,  under  a  layer  of 
charcoal-powder  in  the  blast  furnace,  and  then  melted  together  with  the 
sine  and  nickel  and  the  rest  of  the  copper.  (Gersdorff.) — d.  8  pts.  copper, 
3  nickel,  and  5  zinc  yield  very  good  nickel-silver.  (Frick.)     An  alloy  of 
10  pts.  copper,  1  nickel^  and  5  zino  has  still  a  pale  yellow  colour;  that 
which  contains  10  copper,  1  nickel,  and  7  zinc,  yeUowish- white  and  less 
ductile  than  d.    (Frick.) — Larger  quantities  of  iron  do  not  enter  into 
combination  with  the  nickel-silver  as  a  whole^  but  unite  with  part  of  the 
copper,  nickel,  and  carbon,  forming  an  alloy  which  floats  like  drops  of  oil 
on  the  surface  of  the  nickel-silver.  (Erdmann.) 

Nickel-silver  has  a  crystalline  structure  when  solidified  from  fdedon. 
It  must  therefore  be  heated  to  dull  redness  and  cooled  again  completely, 
before  it  is  rolled  or  hammered;  when  once  the  crystalline  structure  has 
been  destroyed,   the    alloy  may    be  worked  like    brass.    (Gersdorff.) 
Chinese  nickel-silver  may  be  worked  even  at  a  dull  red  heat,  but  at  a 
stronger  heat,  it  flies  to  pieces  on  the  slightest  stroke  of  the  hammer. 
(Fyfe,  Edinb,  PhiL  J.  7,  69.) — Nickelnsilver  is  harder  than  silver,  and 
susceptible  of  a  high  polish.     Its  colour  approaches  that  of  silver,  bnt  is 
greyer.     A  mixture  of  1  pt.  oil  of  vitriol  and  7  parts  water  turns  it  white 
when  boiled  with  it.  (Gersdorff.)— It  is  not  magnetic,  or  but  slightly  so 
when  it  contains  a  certain  amount  of  iron*     It  fuses  at  a  bright  red  heat, 
the  zino  burning  away  if  the  air  has  access  to  it.     When  exposed  to  the 
air,  it  acquires  a  slight  yellow  tarnish.     When  immersed  in  vinegar  it 
becomes  coated  with  verdigris,  only  at  those  parts  where  the  air  can 
likewise  act  upon  it    (Frick.)     In  vinegar  it  becomes  greenish  black;  in 
wine,  dark  brown;  in  solution  of  common  salt,  red-brown;  in  solution  of 
sal-ammoniac  or  tartaric  acid,  black  with  green  spots;  and  in  oxalic  acid, 
black.  (Darcet,  «7.  Pkarm,  23,  223.)     In  water  containing  -^^  of  potash- 
hydrate,  it  remains  bright.  (A.  Vogel.) 

Analy9e$  qf  Commercial  Niekel-SUver. 
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a,  Chinese  Packfong,  of  specific  gravity  8-432. — 6.  English  nickel-silver, 
somewhat  yellower  than  the  German. — c.  Parisian  Maillechortj  contains 
also  a  trace  of  arsenic,  which  remains  behind  when  the  alloy  is  dissolved 
in  nitric  acid. — d  and  c.  From  unknown  sources. — /,  g,  and  h,  English 
nickel-silver,  used  in  Birmingham  for  articles  that  are  to  be  plated. — 
i.  From  Sheffield,  distinguished  by  extraordinary  elasticity,  used  for  the 
f riskets  of  printing-presses. 

American  Nt^^l-Hlver. — 1  pt.  iron,  1  cobalt,  2  silver,  2  tin,  4  man- 
ganese, 24  nickel,  36  zinc,  and  96  copper.  (Haggenmacher,  J.  pr,  Chem, 
4,  388.) 

Other  CoMFOFin>s  of  Copper. 

With  Mercury,  Silver,  Gold,  Platinum,  Palladium,  Rhodium,  Iridium, 
and  Osmium. 
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